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I. INTRODUCTION 


Much emphasis has been placed in recent years on the use 
of the combined arms simulation model in making decisions 
regarding alternative weapon syStems. This emphasis, par- 
ticularly in light of the vastly changing modern battlefield, 
makes it imperative that every possible consideration be 
given to the verification, modification, and continued 
improvement of every facet of these important decision- 
making tools. Verification of these models is at best 
extremely difficult and in many aspects practically impos- 
sible short of actual combat. Nevertheless, an intelligent 
study based on sound statistical theory can provide invaluable 
insight into the verification of numerous specific sub-models 
inherent in these models. 

The modeling of the target selection process of the 
individual tank commander in combat is an inherent sub-model 
Of every existing high resolution combined arms simulation 
model. This specific sub-model unquestionably impacts 
greatly on the overall realism achieved in any combat 
Simulation involving an appreciable armor force. Simply 
stated these models attempt to answer the following two 
basic questions: 


Given a situation in time where an individual tank 
commander is faced with an array of possible targets: 


l. What is the scheme used by the tank commander in 


„ assigning engagement priorities to the individual 
targets presented in the array? 


10 





2. What decision is made by the tank commander with 
respect to engaging or not engaging the targets 
EE EE list? 

In all presently existing simulation models, the range 
between target and observer is considered the paramount 
factor used by a tank commander in assigning his engagement 
priorities. The target selection model presently used in 
the Dynamic Tactical Simulation Model (DYNTACS) for example 
calculates an adjusted range (ADJR) for each target in the 
array of possible targets, and then assigns engagement 
priorities based on the minimum value of this adjusted 


range. This adjusted target range is computed using the 


following equation: 





6 
ADIR = ¡2 + | Rar, 
i=l 
where, 
RR = target to observer range 
E = cover fraction presently available to the target 
RAF, = range adjustment factor for factor i, where 


i refers to the following: 
l. target weapon type 


2. whether the target is presently the observer's 
target 


3. whether another friendly element is firing 
at the target 


4. whether the target fired in the observer's 
previous event 


5. whether the target fired at the observer 
` in his previous event 


à. whether the target is in the observer's 
sector of responsibility 


d 





It is important to note that the values of RAF, , 
= 1,2,...,6 are specified as input data and are thus 
assigned arbitrary values based on the judgement of the 
military analysts conducting the simulation study. Research 
indicates that no prominent attempt has been made to verify 
this model nor to ascertain those values of the range 
adjustment factors that best relate to actual battlefield 
conditions. Furthermore, the full impact of adjusting 
range with regard to cover fraction of the enemy target, 
specifically I 


counter intuitive, ıs nonetheless not substantiated either. 


in the model, although basically not 


Range is also the paramount factor incorporated in the 
target selection model presently used in the Simulation of 
Tactical Alternative Responses (STAR) model. In STAR 
priorities of targets are assigned solely on the basis of 
danger state arrays specified as input data. These arrays 
define a unique priority scheme for all possible target 
types within each of the three distinct rangebands defined 
as follows: less than 1000 meters, between 1000 and 2000 
meters, and greater than 2000 meters. Thus in STAR a target 
wlthin a lesser rangeband will always receive higher priority 
than a target within a greater rangeband. Additionally, if 
two or more targets receive the same priority, which will 
occur whenever two targets of the same type are encountered 
Within the same rangeband, priority is always given to the 
target nearest the observer. It should be evident that in 


a 


the present version of STAR range is essentially the only 
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factor considered in target selection and that quite 
possibly a very small range differential Se becomes the 
sole basis for selecting one target over another. Again as 
in DYNTACS the priority schemes established in the danger 
state arrays reflect the judgement of the military analysts 
conducting the simulation study. 

Obvious shortcomings exist in either of the target 
selection models discussed above. Additionally, another 
major shortcoming which is perhaps not so obvious yet 
considered very relevant characterizes both models. As 
stated previously both models allow the military analyst 
wide discretion in his selection of input values relative 
to the target selection process. The lack of empirical 
data forces the analyst to select these values based on 
his own perception of current doctrine relating to the 
target selection phenomenon. Thus the models at best tend 
to predict 'what should be done in the simulated situation' 
rather than ‘what would be done in the actual situation'. 
This subtle difference directly impacts on the overall 
realism achieved by the model. 

The general shortcomings discussed above, and in 
particular the acknowledged inadequacy of the target selec- 
tion model presently uSed in STAR, directly influenced the 
initiation of the study incorporated in this thesis. The 
immediate goal of this study was to investigate and to 
identify the relative importance of the many factors 


considered by a tank commander in his assignment of 


143 





engagement priorities and in his decision to engage or not 
to engage a specific target. The ultimate goal of the study 
was to enhance the realism achieved in STAR by developing a 
realistic target selection model based on and substantiated 
by current and well-founded empirical data. 

This thesis discusses in detail the general methodology 
used in conducting this study. Chapter II discusses the 
general characteristics and development of the 2 (n-B) 
Fractional Factorial experiment and relates directly to the 
actual experimental plan used and discussed at length in 
Chapter III. Chapter III also defines the specific dependent 
and independent variables investigated in the study and 
presents an in-depth discussion of the considerations and 
efforts allocated to the establishment of the data base used 
in the analysis. Chapter IV discusses the general methodology 
used in the actual analysis and presents a basic theory of 
the nature of the various statistical tools used in the 
analysis. Chapters V and VI summarize the actual analyses 
that were conducted for each of the dependent variables 
investigated and identifies those factors and interactions 
which were found to significantly impact on the target 
selection process. An explanation of the nature and impact 
of the factors and interactions thus identified is also 
presented. A discussion of a proposed target selection 
model as a possible enhancement to the STAR model is 


presented in Chapter VII. Appendices include a sample of 


` 
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the actual questionnaire used in the collection of data 

and a summary Of statistics characterizing the individuals 
who participated in the study. The listings of two computer 
programs that were used extensively in the analysis are 


also provided. 


15 





tr. THE 2 (RP) FRACTIONAL FACTORIAL 


A. THE 2” FACTORIAL 

A factorial experiment 1S one in which all levels of a 
given factor are combined with all levels of every other 
factor in the experiment. This experimental design has 
become widely accepted as an efficient way of carrying out 
experiments involving many different factors. In general if 
El factors are considered each at Ki levels, then the total 
number of treatment combinations required to conduct a 
factorial experiment, henceforth referred to as the size 


of the experiment, is calculated as follows: 


Size = Kk: Kakat- k 


H 
N 
J 
D 
ti 
4 
N 
H} 


The 2” Factorial is a special case where n factors are 
considered each at two levels. It can easily be seen that 
a 2” Factorial requires 2” measurements for one complete 
replication and that this size quickly becomes uneconomical 
for most practical applications involving a large number of 
factors. Ina SEA Factorial for example, where 11 factors 
are to be investigated each at two levels, a total of 2048 
observations will be required for a single replication of the 
experiment. Additionally, if the experiment is to yield 


an estimate of random error, a primary consideration in 


oy 
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most practical problems, at least one additional replication 
of the experiment will be required, thus increasing the 
minimal size to 4096 observations. 


(n-p) 


An experiment that uses a 2 subset of the original 


2” measurements is called a Sp replicate or a 2 (n-p) Frac- 
tional Factorial. This experimental design combines the 
advantage of reduced experiment size with a corresponding 
disadvantage of reduced EE gained. As will be 
shown in the following discussion, a well-designed 2‘"7P) 
Fractional Factorial can, if certain basic assumptions are 


satisfied, provide a wealth of information while greatly 


reducing the size of the experiment. 


B. GENERAL CHARACTERISTICS AND NOTATION FOR THE 2 FACTORIAL 
A special notational scheme has been developed for the 
2” Factorial which generalizes directly to the ue 
Fractional Factorial. Consider the 2° Factorial where the 
four factors are designated by the upper case letters A, B, 
C, and D. The 16 treatment combinations of high and low 
levels of each of the four factors are designated with lower 
case letters as follows: the presence of a letter indicates 
the high level of that factor, its absence denotes the low 
wel. The symbol (1) denotes that treatment where all 
factors are at the low level. Thus the treatment designation 
bd indicates that factors B and D are at their high levels, 
while factors A and C are at their low levels. Using this 
scheme, the treatment combinations for the ae Factorial are 


a» 


as shown in Table II.l. 
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Table II.1 


Treatment Combinations in a 24 Factorial 


(1) € d cd 
a ac ad acd 
b bc bd bcd 
ab abc abd abcd 


It can be shown that in general. there are precisely 
BR 1 orthogonal contrasts in a 2 Factorial, each corres- 
ponding to a main or interaction effect. A contrast Cn 
"S defined for any linear combination of k treatment totals 


as follows: 


ae Di O Cte pee 
where 
GË + Conta E Cem = Q. 
In this expression j = 1,2, ..., k and nj is the number of 
observations for treatment, AT 3 is the total of the ny 
observations for treatment, , and Sim is the contrast 
coefficient for treatment. . This can be stated more 
compactly as follows: 
k 
€ isa contrast if ) nc. = 0 
DER 
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Two contrasts C_ and Ca are orthogonal if 


ck 


A EE. 
521 3 jm jq 


= 0. 


An easy way to show how each contrast is estimated and 
that orthogonality exists in a 2” Factorial is to assign 
coefficients of + or - to treatment combinations whose effect 
being estimated is at a high level or low level respectively. 
Here n, =n, =... =n, and Cam = +1 or -1 accordingly. 
Table II.2 shows such a scheme for the SE Factorial. 

It should be noted from Table II.2 that the coefficient 
of an interaction effect is obtained by taking the product 
of the coefficients corresponding to the factors that make 
up the interaction. It can easily be verified from Table II.2 
that the coefficients in each row sum to zero and that the 
vector dot product of any two rows equals zero, thus satis- 
fying the definitions of contrast and orthogonal contrast. 


Thus the contrast used to estimate the main effect of Ain 


a 2° Factorial would be as follows: 


A = a + ab + ac + abc + ad + abd + acd + abcd 
contrast 


- (1) - b-c- be-d- bd- cd - bed. 


Simply stated the contrast for A is the sum of all treatments 
where A is at its high level minus the sum of all treatments 
fer] A is at its low level. It is more convenient to 


represent this contrast as follows: 
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TABLE II.2 


Factorial 


a 


Definitions of Contrasts in a 2 


Treatments 


Contrasts 


bc abc d ad bd abd cd acd bed abcd 


ac 


(1) 


20 


| | l + | 
I Il + l 
+ +1 1 + 
| + | | | 
+ | + t + 
+ | t + + 
I + + + 1 
+ l | | | 
I + + 1 + 
I + to + + 
+ | + + 1 
fot + + + 
+ + 1 + 1 
+ + + 1 





n m 
2 Natel) = a) A, (low). 


i=1 j=1 


ons 


This expression generalizes directly to any effect in both 


the SCH and „(n-p) Factorials. 


(n-P) FRACTIONAL FACTORTAL 


er DEVELOPMENT OF THE 2 
The problem now becomes one of choosing a subset from 
among the original 16 treatment combinations listed in 
Table II.1 in such a way that worthwhile information can be 
gained from the measurements made. It should be evident that 
each contrast listed in Table II.2 defines two subsets of 
> oe treatments or a > replicate of the original De 
Choosing any contrast, one subset consists of those eight 
treatments whose corresponding contrast coefficients are 
positive and the second subset consists of those eight 
treatments whose corresponding coefficients are negative. 
Choosing the contrast ABCD as an example and using the subset 
consisting of treatments whose corresponding contrast coeffi- 
cients in Table II.2 are positive would result in a oo 
Fractional Factorial where ABCD is a defining contrast. The 
resulting contrast scheme is shown in Table II.3. 


(n-p) Fractional 


The basic characteristics of the 2 
Factorial can easily be seen by examining Table II.3. First, 
it is readily apparent that no estimate of the effect of the 


ABCD interaction exists. This effect which was arbitrarily 


chosen as the defining contrast has become confounded with 
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Table II.3 Definitions of Contrasts in the 
1/2 Replicate of the 24 Factorial 


I = ABCD 


Contrasts Treatments 
(1) ab ac bc ad bd cd abcd 


A = + - + - - + 

B - -= + - + =- + 

C = - + + = ~ + + 

D - - - - + + + + 
AB + + - = -= = + + 
AC + - + - = + + 
AD + = = + + - = + 
BC + - - + + - - + 
BD + - + ~ - + - + 
CD + + = = - = + + 
ABC - > =- = + + + + 
ABD - - + - - + + 
ACD - + - - + - + 
BCD - + - - - + 
ABCD + + + + + + 


the estimate of the grand average of all observations. The 

symbol I is normally used to denote the grand average and 

I = ABCD is called the fundamental identity of our example. 
Secondly, the contrasts used to estimate AD and BC are 

identical, and thus these two effects have become confounded. 

AD and BC are called aliases since the same contrast is 

used to estimate both the effects of AD and BC. Further 

examination of Table II.3 will show that in this 5 fraction 

every contrast estimates two different effects and thus 


every effect is aliased with one other effect. Thus A and 
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BCD are aliases, C and ABD are aliases, AB and CD are 
aliases, etc. | 

By selecting any of the remaining contrasts from Table 
II.3, the same procedure used in developing the 5 fraction 
will result in az fraction. Choosing the contrast AB and 
using the subset consisting of treatments whose corres- 
ponding contrast coefficients in Table II.3 are positive 


(4-2) Fractional Factorial 


would result in a z replicate or 2 
where the fundamental identity is I = ABCD = AB = CD. The 


resulting contrast scheme is shown in Table II.4. 


Table II.4 Definitions of Contrasts in the 
1/4 Replicate of the 24 Factorial 


I=ABCD=AB=CD 


Contrasts Treatments 

Ce) ab ca abcd 

A = = + 

B = - + 

C ~ = + + 

D - - + + 

AB E - + Sr 
AC + - - + 
AD + - - + 
BC + = - + 
BD + ~- - + 
CD + ~ + + 
ABC = = + a 
ABD = e + + 
ACD - - =- + 
BCD > + = + 
‘ABCD + + + + 


23 





Several generalities of the a e 


Practienal Factorial 
Me realized from examining Table II.4. First, it can 
easily be seen that the selection of AB as the defining 
contrast, not only confounds AB with the grand average, but 
automatically confounds its alias CD with the grand mean, 
thus CD in this case becomes a defining contrast as well. 
In general there will be precisely De defining contrasts 


ae) Fractional Factorial. Secondly, it can be seen 


En a 2 
that of the remaining twelve contrasts there are in fact 
only three unique contrasts, each being used to estimate 


four different effects, thus every effect is confounded or 


aliased with three other effects. In general there will 


(n=p) TSP) 


be precisely 2 - 1 unique contrasts in a 2 Fractional 
Factorial. Furthermore, each effect in a 2 (N-P) Fractional 
Factorial will be aliased with precisely 2P -1 other effects. 
It should be noted from the above discussion that there 
is a direct correlation between the number of defining con- 
trasts and the number of aliases per effect estimated. The 
Bindamental identity I not only lists all effects which are 
confounded with the grand average but can be used to determine 


(n-p) Fractional Factorial 


the aliases of any effect ina 2 
as well. This is accomplished by multiplying the effect 
by the terms in the fundamental identity modulus 2. Thus 


in our example, where I=ABCD=AB=CD, the aliases of A could 


be found as follows: 


A-ABCD = A“BCD = BCD 
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A-CD = ACD 


(N-P) PRACTIONAL FACTORIAL 


D. BLOCKING IN A 2 
It is often difficult in large experiments to obtain 
measurements for every treatment under identical conditions. 
Blocking is a common technique used to account for this 
heterogeneity, but its use results in a corresponding loss 
of additional information. Consider the contrast scheme of 


the 22) 


Fractional Factorial shown in Table II.3. Two 
blocks can easily be formed by selecting any of the unique 
contrasts remaining and placing those treatments with 
corresponding positive coefficients in Block 1 and the 
remaining treatments with corresponding negative coeffi- 
cients in Block 2. For example, if AB is selected as the 


defining contrast for blocks, then the resulting plan would 


be as shown in Table II.5. 


Table II.5 


aa) 


2 Fractional Factorial in 


2 Blocks of 4 Units Each 
Factors: A,B,C,D 
I=ABCD 
Block Confounding: -AB 


Block Block 2 
(1) ac 
ab Be 
ed ad 
` abcd bd 
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It should be evident from examining this plan that AB 
as well as its alias CD have become EE with the 
block effect, and thus these effects can no longer be esti- 
mated independent of the block effect. It is important 
therefore that only effects which can be assumed negligible 
be selected as defining contrasts for blocking. A four 
block plan could easily be formed by using a similar 
technique on the already existing blocks. For example, if 
A is selected as the defining contrast then the resulting 


plan would be as shown in Table II.6. 


Table II.6 
(4-1) 
Fractional Factorial Plan 
in 4 Blocks of 2 units each 
Factors: A,B,C,D 
Block Confounding: AB,A,E 


2 


Block 1 Block 2 Block 3 Block 4 
ab (1) ac be 
abcd cd ad bd 


Again it is obvious from observing Table II.6 that A 
as well as its alias BCD become confounded with the block 
effect and no clear estimate of either can be obtained. 
Furthermore it should be noted that B as well as its alias 
ACD has also become confounded with blocks. Multiplication 
of the previously chosen defining contrasts for blocks with 


the newly selected contrast for further blocking modulus 2 


os 
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will yield the additional effects confounded with blocks. 


Thus in this example AB°A = AB = B is also confounded with 


Blocks. In general if there are k blocks in a SE 
Fractional Factorial there will be precisely (k-1)2P effects 


confounded with blocks. 


E. USEFULNESS OF THE 2 (N-P) pRACTIONAL FACTORIAL 

It should be obvious that the use of the fractional 
factorial greatly reduces the size of the experiment but 
also correspondingly reduces the amount of information that 
can be gained from the experiment. Doubtful use at best 
could be gained from the 2 replicate shown in Table II.4 
since any inference made about a main effect, say A, would 
require a bold assumption regarding the main effect of its 
alias, B. 

But consider the scheme represented by the 5 replicate 
shown in Table II.3. Here again any inference made about 


the main effect of A would require that an assumption be 


made about its alias, BCD. But in this case this is not 


nearly so bold an assumption as that required in the 21452) 
Scheme shown in Table II.4. In using the > replicate shown 


in Table II.3, a clear estimate of the effect of all main 
effects can be obtained if an assumption can be made that 
the effects of 2nd order interaction aliases are insignifi- 
cant. Thus the main effects are measurable assuming that 
their aliases are negligible. In general, all effects ina 


BNP) practional Factorial are considered measurable if 
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they are aliased with no less than 2nd order interactions -- 
3-factor interactions. 


(n-p) Fractional Factorial the assumption 


In using the 2 
is normally made that higher order interactions are negligi- 
ble. These assumptions are in general realistic. In most 
applications main effects are rather more important than 
BeractoOr interactions which in turn are a good deal more 


important than 3-factor interactions. Higher order inter- 


actions normally do not often require consideration [1]. 
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TII. INE EXPERIMENT 


A. EXPERIMENTAL PLAN 

Recall from Chapter I that the primary motivation for 
this thesis was to investigate and to identify the relative 
importance of the many factors impacting on the tank comman- 
der's target selection process. The ultimate goal of this 
thesis was to enhance the realism achieved in STAR by 
developing a realistic target selection model based on and 
substantiated by current and well-founded empirical data. 
This motivation greatly influenced the choice of the 
experimental plan used in the study, specifically one that 
allowed for the investigation of many factors and one that 
gave reasonable hope for a well-fitted and useful regression 
model. 

The experimental plan selected for the study was a 


9 (11-4) 


Fractional Factorial in 8 blocks of 16 treatments 
each and is shown in Table III.l. The characteristics of 
this plan made it particularly well-suited for the investi- 
gation conducted in this study. These can be summarized 

as follows: 

l. The plan allows for the investigation of 11 unique 

factors each at two levels while reducing the size of the 
experiment from 2048 to 128 observations per replication. 


2. The alias pattern is such that in the worst case all 


were rrects are aliased with no less than 4-factor interactions 
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Table III.) 


EXPERIMENTAL PLAN: 
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and all 2-factor interactions are aliased with no less than 
3-factor interactions. Additionally Several 3-factor inter- 
actions are aliased with no less than 4-factor interactions. 
Thus all main effects, 2-factor interactions, and several 
3-factor interactions are measurable if 4-factor and higher 
order interactions are negligible. 

3. The block size of 16 treatments is quite manageable 
and particularly well-suited to experiments treating 
individual subjects as blocks. This particular aspect of 
the plan is discussed in greater detail in the later section 
dealing with data collection. 

4. The factorial structure of the plan allows for the 


analysis of both main effects and interaction effects. 


B. DEPENDENT AND INDEPENDENT VARIABLES 

Two dependent variables relating directly to the two 
primary questions involved in the target selection process 
were investigated in this study. The first of these varia- 
bles will be referred to as the threat index, specifically 
a measure of the degree of threat perceived by the tank 
commander in each of the unique situations described by 
the treatment combinations listed in Table III.l. The 
second variable investigated will be referred to as the 
fire/no-fire decision index, specifically a measure of the 
certainty with which a tank commander would choose to engage 
Or not engage in situations described by the treatment 


combinations listed in Table III.1. These variables will be 
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described in much greater detail in the subsequent discussion 
on data collection. 

The choice of 11 independent variables, hereafter 
referred to as factors, reflected the maximum number con- 
sidered possible given the resources available and the 
information desired. This decision was based primarily on 
the desire that numerous replications of the experiment be 
made to insure the best possible estimate for any given 
treatment combination. It should be noted here that the 
consideration of a single additional factor, assuming a 
Similar blocking scheme and a desire for equivalent type 
information, would have doubled the size of the experiment 
and thus yielded 5 the number Of repetitions per treatment 
combination that were eventually obtained. The choice of 
the 11 specific factors that were investigated was the 
result of much deliberation among several U.S. Army officers 
familiar with the Armor battlefield. Primary consideration 
was given to the inclusion of those factors that were thought 
to be the most relevant in the target selection process. 

In the experimental plan shown in Table III.l and in 
the remainder of this thesis, factors are designated by the 
letters: A,B,C,D,E,F,G,H,J,K,L. The factors that were 
investigated in the study and designated by the letter 


scheme shown above are as follows: 


A -- on board rounds remaining 
AL ow -- above critical level 
Daten -- at or below critical level 
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friendly tank's current activity 


Bow - stationary/hull defilade 


B - moving/partially exposed 


HIGH ` 
anticipated resupply 


Crow -- soon 


CHICH -- not soon 


speed of enemy target 


Dow -- not fast 


Doten -- fast 


cover/concealment of the enemy target 


Er cm -- fully exposed 


E - not fully exposed 


HICH 


enemy target's position relative to friendly 
tank's sector of responsibility 


F ow -- enemy target is not in the sector 


Poren -- enemy target 1S in the sector 


intelligence on previous firing activity of the 
enemy target 


Gr on -- target has not been detected firing in the 


last 60 seconds 


GuIcH -- target has been detected firing in the 


last 60 seconds 
enemystarger type 
H ow `T BMP/BRDM with sagger 


HIGH -- Tank T72 


33 





J -- turret orientation of enemy target relative to 


the friendly tank 


d cm -- turret pointed away from friendly tank 
doten -- turret pointed at friendly tank 
K == range to enemy target 
Ky ow -- 1050 meters 
HIGH -- 1700 meters 
L -- range adjustment factor 
Low -- no adjustment of range 
L4IGH -- add 1300 meters to range 


It should be noted that K and L are pseudo factors for 
range and that four distinct ranges were investigated. Thus 
the three degrees of freedom attributable to these four 
levels of range are the main effect of K, the main effect 
of L, and the interaction of K and L. The four levels of 
range can easily be explained using the various combinations 


of K and L as follows: 


Factor L 


Le cm Loren 
Ke ow 1050 m 2350 mM 
Factor K 
Buren 1700 nm 3000 m 


Factor L thus reflects differences between far and near 
ranges and can be described as follows: 


Low -- range is less than 2000 meters 


e 


LEIGH ~~ 


range exceeds 2000 meters 
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The KL interaction reflects differences between the inter- 
mediate ranges and the extreme ranges. 

Additional comments are appropriate in regard to the 
factors listed above. Factors A and C relate directly to 
the immediate logistical problem faced by a tank commander 
in combat. Available information indicates that no presently 
existing combined arms simulation model considers these 
important logistical questions. It should also be noted 
that some of the factors are described in subjective terms, 
factors C and D for example. These somewhat obscure des- 
criptions are considered not unrealistic with the immediate 
intelligence that would be available to the tank commander 


on the future high-intensity battlefield. 


=, DATA COLLECTION 
The absence of existing data at the start of this study 

required that a major effort be devoted to the collection 
of such data. This effort was undertaken with the realiza- 
tion in mind that the credibility of eventual conclusions drawn 
from the study would be directly attributable to the credi- 
bility of the data collected for the study. This realization 
implied the following two fundamental characteristics of 
the data collection plan: 

1. The sampling population should consist of the actual 
decision makers directly involved with target selection. 

2. The data should reflect as much as possible the 


realistic measurements of the two dependent variables under 
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investigation, specifically the threat index and the fire/ 
no-fire decision ae discussed above. The use of a 
questionnaire was considered the only feasible approach that 
would permit the collection of data while still retaining 
the desired characteristics stated above. 

The selection of the experimental plan shown in Table 
III.l greatly facilitated the design of the questionnaire 
used in data collection. It should be evident from observing 
Table 111.1 that each treatment combination fully describes 
a unique battlefield situation. This fact, coupled with the 
blocking scheme shown in Table 111.1, became the essence 
of the questionnaire. Eight distinct questionnaires were 
used in the actual data collection, each corresponding to 
one of the eight experimental blocks of the experiment. A 
modified version of the questionnaire corresponding to 
Block 1 is shown in Appendix A. Each questionnaire was 
identical to the one shown in Appendix A with the exception 
that the particular situations presented were uniquely based 
on the 16 distinct treatment combinations peculiar to the 
experimental block corresponding to the questionnaire. 
Additionally, situation 17 of each questionnaire was iden- 
macal to situation 5 of that particular questionnaire, and 
Situation 18 was a unique situation that was identical 
for all questionnaires. 

Several attributes of the questionnaire are considered 


deserving of further comment. The introductory comments 
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that are shown in Appendix A and that characterized each 
questionnalre reflected a serious attempt to clarify the 
general nature and terminology of the questionnaire and to 
familiarize the individual with the specific requirements 
expected of him in completing the questionnaire. It is 
important to note that decisive individual actıon was 
encouraged by instructing the individual to rapidly appraise 
each situation and to respond accordingly with minimal 
hesitation. The restriction of the size of each question- 
naire to 18 situations tended to reduce the lack of motiva- 
tion and lack of interest commonly generated by lengthy 
questionnaires. The inclusions of situations 17 and 18, 

as defined above, gave some insight into the consistency 

of each individual's responses as well as a general consis- 
tency among the entire sample of individuals. Additionally, 
the critique and personal history form greatly facilitated 
the summarizing of important characteristics of the sample 
from which the data was collected. 

Sixty-four tank commanders presently serving on active 
duty participated in the study, and thus 8 replications of 
the experiment were conducted. A summary of the important 
characteristics of these tank commanders is given in Appendix 
B. The data base thus established, which became the basis 
for the analysis discussed in the subsequent portions of 
mes thesis, is shown in Tables III.2 and III.3. Table 
III.2 reflects observations obtained for response 1, 


as 


Specifically measurements of the threat index standardized 
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to a 0-1 scale. Table III.3 reflects observations obtained 
MR response 2, specifically measurements-of the fire/ 
no-fire decision index. The organization of these tables 
corresponds directly to the experimental plan shown in 
Table III.l. It should be noted from Tables III.2 and 
III.3 that there was in general much disagreement among the 
tank commanders questioned concerning both the threat posed 
by a specific enemy target and the decision to engage or 
not to engage a specific target. The data thus substantiates 
the very subjective nature of the two dependent variables 
investigated. 

It is the opinion of the author that the data base thus 
established and discussed above is credible and does provide 
insight into the relative importance of the factors invss- 
tigated in the target selection process of the current 
generation of tank commanders. This opinion is based in 
part on the extensiveness of the data base and on the 
generally favorable comments made by the tank commanders 
who participated in the study. It is acknowledged that 
numerous physical and psychological factors relevant to 
actual combat and not directly considered in this study 
could profoundly alter the naturally judgemental decisions 
reflected in this data base. Unfortunately, to realistically 
measure the effect of such factors as stress, fear, fatigue, 
Bonfusion, etc., is far beyond the capabilities of this 


Btudy, and would be doubtful at best short of actual combat. 
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Standardized Observations of Threat Index 
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Table III.3 Observations of Fire/No-fire Decision Index 


BLK REPLICATION 
Eeer ds 
(1) 1 YES NO TES TES 755 NO NO TES 
ABCDEFGH 1 TES TES NO NO YES NO NO TES 
DEFGJL 1 NO TES NO NO 255 reo YES NO 
ABCHJL 1 Y3S TES YES NO NO NES TES TES 
ACEFJK 1 TES TES NO NES 255 TES YES YES 
BDGHJK 1 NO YES YES YES YES TES YES YES 
ACDGKL 1 NO NO NO NO NO NO NO NO 
BES HAL 1 NO NO NO NO NO LES NO NO 
ABDEJ 1 YES Too YES TES LES 25 BES) YES 
CEGHJ 1 YES TES YES YES YES TES YES TES 
ABSGL 1 135 235 NO NO NO TES NO NO 
CDFAL 1 NO. NO YES YES RES YES TES NO 
BCDEK 1 NES NO NO TES TES Res NO NO 
APGHK 1 TES TES TES LoS ToS LES TES LES 
BCFGJKL 1 NO YES NO NO NO YEO 1:5’ LO 
ADE HJAL 1 NO NO JO NO NO 13,5 TES NO 
Kat 2 NO NO JO 135 NO NO NO NO 
SPGE 2 SE eh NO YES Lë NO IES TES 
ASCEFGJL 2 NO NO NO NO 135 129 NO 135 
DdJL 2 NO NO NO NO Eos Loo 125 NO 
BOSE JÁ 2 TES NO NO ves TES T35 BE YES 
ACGHJK 2 YES ISS Gas YES YES NO ELO ES 
3GAL 2 NO NO NO NO TES Su NO NO 
ACDEPHKL 2 NO NO NO NO NO TES NO NO 
CPJ 2 Loo Les TES YES TES LES YES YES 
ABDEGHJ 2 T25 NO TES {25 Las TES ras TES 
CDEGL 2 NO NO NO 40 LES YES NO JO 
ABPEL 2 NO TES NO NO YES TES NO YES 
ASK 2 iS NO NO NO LES LES ros NO 
BCOFGHK 2 YS NO PES RES Les 125” TES ToS 
ADPGJÁL 2 NO NO NES NO ES LES NO NO 
BCEHJÄL 2 NO NO NO NO NO [28 wc NO 
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Table. EE 


(continued) 


MED AO A mm mm y A et ap ep mp A A A A më ër emm mb fb fb mm mp mb mm "MD A A "MD më më mm ët mb mp mm eee mb ef emm mm (mm emp më mg mm mp më 0 mp më mp A A mp A mm 


up EEE af ët ët A ët er a mb mp mp ap A A mb mm mp ër A mm A A AO mmm vm mp A A A më e ep y A ep ep ep emp y A A ep emm ap mp emm më emp ët emm A A ët mp mp mm mmm mp mm 


BCEG 
ADFH 
BCDFJL 
à LG HJL 
ABFGJK 
CDEHJK 
ABDEKL 
EFGEKL 
BHJ 
ACDEFGJ 
BDZFGHL 
ACL 
ASCEFHK 
DGK 
ABCDGHJ KL 
ErJUKL 


ABSF 
COGH 
ABDGJL 
CEFHJL 
OC Ja 
ADZSFGAJK 
BEDEFSKL 
AHKL 

DEJ 

AdC FGdJ 
FGL 
ASCDEXL 
ACD EK 
BEGHK 
ACEGJKL 
Dr HJKL 


w wU w Lo U GO WwW GO GO WwW GO Ww GA LO ww 


IC de TE) E E FRECHE E bL EEE 


TES 
TSS 
NO 
NO 
YES 
TES 
NO 
Yoo 


NO 
NO 
NO 
NO 
JO 
NO 
Les 
GES 
NO 
NO 
NES 
NO 
NO 


NO 
NO 
LES 
TES 


NES 
WO 
NO 
NO 
253 
NO 
NO 
NO 
TES 
NO 
NO 
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tas 


Li 


taj 


Q 


Fa ra ra K 
Lis 
un Lo 


NES 
223 
Tas 


WO 
NO 
NO 
NO 
YES 
TuS 
NES 
NO 
NO 
GES 
NO 
Tos 


TES 
IES 
YBBS 


HG 
id 
Ww 


TES 
155 
NO 
NO 
TES 
TES 
NO 
NO 
LoS 





Table III.3 (continued) 


ep. am (EEE mg O A mb CU A E E mm O E em mm mm SUN emm mg mm mm mm mm mm mm “MED A A A mb mm SUN mb mm vm om mm vm emm mm TT TT mm DO oO o 


BLA RSPLICATIO 
EN een EEE = 
ADEG 5 NO TES NO NO NO TES TES TES 
BETH 5 TES TES YES NO tos YES NO YES 
ArJL 3 TES YES NO NO NO YES NO tSS 
BCDEGHJL 5 NO YES TES NO TES TES 725 YES 
CDIGJK > TES YES IES NO TES YE TES TES 
ABEAUJK 5 YES YES TES E LES IES TES TES 
CZKL 5 NO NO NO NO NO NO NO NO 
ABDTGHKL 5 NO TES NO NO NO NO NO NO 
ACDHJ 5 TES 1ES TES TES TES T59 TES TES 
3s5rGJ 5 Tas IES LES 155 RES YES TES TES 
ACEFGAL > NO TES NO NO NO TES NO NO 
3DL 5 NO YES Lë NO 755 t29 YES TES 
Doria 5 YES NES TES IZS LES 125 YES YES 
ABCGK > TES IES NO TES NO NO TES NO 
GHJ XL 5 TO so TES NO NO NO TES TES 
ESCDEFJÄL 5 NO LES YES JO NO IBS NO NO 
Corer 6 125 ES YES NO Y 15 T55 NO NO 
A3Ga O 125 = JO 159 T25 225 12S 
CGJL 6 O E NO TES MES 725 No SE 
ABDEPIJL 6 TES 1 oo NO YES NS NES NO NO 
àDJ K 6 TES IBS TES E TES O 125 IES 
ICEFGHJX 0 Ro TES NO tão TES YES Tao LES 
ASPGKL o NO TES NO du NO NO NO NO 
SCDHAKL o NO T25 NO NO NO NO NO NO 
ABCEJI 6 NO tes NO TES Laos nes ES LES 
DPGHJ 6 YES 225 TES Teo nas LES 725 Yes 
ABCDFGL 6 Eco NO NO WO TES y NO NO 
CHL 6 eS TES NO NO 155 NO NO NO 
BPK 0 YES LES MES TES 135 TES NO LES 
ACDEGHK 0 NO TES NO NO LES NO NO NO 
3DZGJKL 0 YES TSS NO NO NO TES 135 Des 
ACFHJKL o TES YES TE S PES NO PES NO NO 
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Table III.3 (continued) 


emm ef =P e o mp a e aw ah Td... O mm 


BLK REPLICATION 
CC ASSADO! do 
ACFG 7 YES Ho NO YES YES YES YES YES 
BDEH 7 YES NO YES YES YES YES NO YES 
ACDEJL 7 NO NO NO NO YES YES YES NO 
BFGHJL 7 YES YES NO YES YES YES YES YES 
EGJK 7 YES YES NO YES Y¿S YES YES YES 
ABCDFHJK 7 YES YES NO YES YES YES YES IES 
DFKL 7 NO NO NO YES YES YES NO NO 
ABCEGHKL 7 NO yO NO NO YZ NO yO NO 
BCDGJ 7 YES YES vo YES YES YES YES YES 
AZFHJ 7 YES YES YES YES YES YES YZS e 
Boe FL 7 NO NO NO NO YZS NO NO NO 
ADGHL 7 NO NO NO YES vs NO NO NO 
ABDZPGK 7 YES YES NO YES YES YES NO No 
CHK 7 YES NO NO YES YES NO NO YES 
ABJKL 7 NO NO NO YES YES NO YES NO 
CDEZSHJKL 7 YES go NO YES YES NO NO NO 
3DFG 8 IzS YES Y2S YES YES YES NO YES 
ACER 8 NO NO YES YES YES TES YES NO 
Beat, @ NO YES 90 YES YES NO YES 40 
SCDFGHJL 8 ge YES NO NO YES YES YES YES 
BE zeg 8 YES YES NO LES YES YES NO 23 
FHJK 8 TES YES was TES YES YES YES YES 
ABC FKL 3 NO NO NO NO NO NO NO NO 
DEGHKL 8 NO YES y0 NO YzS NO NC YES 
AGJ 8 YES TES gea YES ıs vzs TES YES 
BCDEPYJ B YE {zS YES YES YES Y2S ees YES 
ADEFL 3 NO NO NO JO NO yO NO NO 
fen, 8 YES YES NO NO YSS Wo YES TES 
Barck 8 Wes wes 125 Ho Yes "YES YES MO 
ABDHK 8 YES YES YES MES YES ves o 123 
EDIKL 8 Mis #0 NO HES NO 10 YES NO 
ABEFGHJKL 8 NO TES go {ES NO YES NO NO 
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IV. GENERAL METHODOLOGY USED IN THE ANALYSIS 


A. GENERAL COMMENTS CONCERNING THE ANALYSIS 

The motivation for the analysis was to determine the 
relative significance of each of the 11 factors investigated 
in regard to the two dependent variables considered in the 
study. Accordingly, two separate analyses were conducted. 
Chapter V discusses the analysis of the threat index, data 
for which is shown in Table III.2. Chapter VI discusses 
the analysis of the fire/no-fire decision index, data for 
which is shown in Table III.3. The emphasis in both Chapters 
V and VI is to first identify those effects which were found 
to be significant and then to attempt to explain the signi- 
ficance of each of those effects identified. 

The primary statistical tool used in the analysis was 
the Analysis of Variance (ANOVA), the proper use of which 
is dependent upon the following three assumptions: 


1. Observations are drawn from normally distributed 
populations. 


2. Observations represent random samples from the 
population. 


3. Variances of the populations are equal. 
It is assumed that the observations shown in Tables III.2 
end III.3 represent a random sample from the current popula- 
tion of tank commanders thus justifying assumption 2 above. 
The assumption that the observations were drawn from a 


normally distributed population is equivalent to the 
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assumption that the errors ei; are osae iy distributed, 
since the errors are the only source of variation in the 
general linear model hypothesized in the ANOVA. Assumption 

3 implies that the variances associated with each treatment 
combination are equal, specifically that the variance of 
cell., Li 42) Gy 128, equals 3 fOr all i. Accordingly, 
the following hypotheses were tested relative to assumptions 


l and 3 above: 


Assumption 1: 


H. ejj for all treatment combinations are distributed 
NCO GT) 


Hj: Ho ıs false 


Test procedure used: Kolmogorov-Smirnov 1-Sample Test 


Assumption 3 
o: 1 2 
Hy: some er are not equal 


Test procedure used: Bartlett's Test for Homogeneity 
of Variance 


The results of these tests are shown in Chapter V. 


B. ANOVA TABLES 

Various ANOVA tables appear as part of the discussion in 
the remainder of this thesis. These were generated utilizing 
two computer programs specifically designed and programmed 


to analyze experimental designs of the form used in this 


e. 
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study. The listings of these programs are included as the 
final portion of this thesis. Each of the various ANOVA 
tables serves a unique purpose and a discussion of these is 
deemed appropriate. 
l. Generalized ANOVA 

The generalized ANOVA, an example of which is shown 
in Table IV.l, gives a broad overview of the entire analysis. 
The partition of the total degrees of freedom is reflected 
in this ANOVA. Recall from the discussion presented in 
Chapter II that in general the total number of orthogonal 


(n-p) Fractional Factorial is EES 


contrasts in a 2 
Berthermore, in a plan consisting of k blocks, precisely k-1 
contrasts are confounded with blocks. The experiment des- 


cribed in this thesis has 2 (11-4) 


= 208r2127 Orthogonal con— 
trasts of which 7 are confounded with blocks, leaving 120 


available to estimate various treatment effects. Additionally, 


Table IV.l Example of Generalized ANOVA 








SOURCE SS DE MS 
MEAN 9632336 d 
BETWEEN BLOCKS £ REPS 192510 63 
REPLICATIONS 3,320 7 
BLOCKS 1023 7 

RESIDUAL (BETWEEN) 9,107 49 02187 
METRIN BLOCKS & REPS 53:020 960 
TREATMENTS 21175 120 

RESIDUAL (WITHIN) 31,844 840 0.038 
TOTAL 2030536516 1024 


L T AAA —“C—C 
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it should be noted that the variation due to differences 
between subjects (64 in this case) is accounted for by the 
63 degrees of freedom corresponding to the sources between 
blocks and replications entry in the generalized ANOVA. The 
remaining 840 degrees of freedom are allocated to the 
residual (within treatments) and its calculated mean square 
thus becomes the denominator of the F-ratio used in testing 
all subsequent ANOVA hypotheses. 

2. Treatment ANOVA 

The treatment ANOVA, an example of which is shown 

in Table IV.2, summarizes the testing of main and interaction 
effects. This ANOVA thus becomes the primary means of 
identifying those factors and interactions which had a 
significant effect on the appropriate dependent variable 
being analyzed. Several important items concerning the 
source of variation listed in column 1 of the treatment 


ANOVA are listed in columns 2-7. 


Table IV.2 Example of Treatment ANOVA 


a SSS i ss ps Se esse i oe te 





272 PI MEAN E PROB 
SOURCE ALIAS DE EFFECT SQUARE STATIS TEC EE 
BG il 0:005 0.006 0:155 0.694 
DEJ 
BH a 0.004 0.005 BA E Dee 
CEL 
DEK 


SSS nn 


Column 2 identifies all 2-factor interaction anc 


3-factor interaction aliases of the source shown in column |. 
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All higher order interactions are assumed negligible and are 
thus suppressed in the ANOVA. Column 3 of the ANOVA reflects 
the single degree of freedom that corresponds to the single 
unique orthogonal contrast used to estimate the effect of 

the source listed in column 1. Columns 4 and 5 represent 

the calculated effect and mean square attributable to the 
source shown in column l. In general the effect and sum 

of squares corresponding to a factor or interaction ina 


„\n-p) Fractional Factorial is calculated for A as follows: 


A 
Effect, = —contrast 
Ce A p 
2 
_ contrast 
Sum of Squares, > (n-p) 


where 
r = number of replications of the experiment. 


Thus the effect shown in column 4 represents the 
mean difference between observations where the source of 
column 1 is at its high level and observations where it is 
at its low level. The mean square shown in column 5 is 
eguivalent in our particular case to the sum of squares as 
calculated above and ZE the numerator of the F-ratio 
used for significance testing. Thus the F-statistic shown 


in column 6 and calculated as follows, 


Source Mean Scuare (column 4) 


F-statistic (column 6) = Residual Mean Square 
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will be distributed according to the F distribution with 
1 and 840 degrees of freedom. The hypothesis tested in 
this ANOVA is as follows: 

H_: The effect of the source shown in column 1 is 
negligible. 

H}: The effect of the source shown in column 1 is 

signicicant. 
The decision to reject or not to reject the null hypothesis 
was based on comparing the right-hand tail probability 
associated with the calculated F-statistic, column 7 of the 
ANOVA, with the significance level selected for the analysis, 
meecifically .05. 
It can be noted from observing the treatment ANOVA 

(Table V.4) that all 11 main effects and all 55 2-factor 
interactions were investigated in the analysis. The remaining 
54 degrees of freedom were used for testing the significance 
RE various 3-factor interactions. It is important to note 
Bom column 2 that the majority of 2-factor interactions are 
aliased with 3-factor interactions and that the majoritv 
of remaining 3-factor interactions are themselves aliased 
with other 3-factor interactions. In this regard additional 
tests were conducted as described below and special quali- 
fications were made in all cases where such interactions 
Bere found to be significant. 

ANOVA for Simple Main Effects 

The ANOVA for simple main effects, an example of 


Which is shown in Table IV.3, is used to further investigate 
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Table IV.3 Example of ANOVA for Simple. Main Effects 








SOURCE SS DE EEFECT F P(X.-GT.F) 
E 0.091 1 QUES 22395 0.122 
E AT K(0) 0.253 T -0.044 6.669 0.010 
BEAT K(1) 0.006 1 02007 0155 0.694 
K 100% i 707063 26.414 0.000 
K AT E(0) 02995 IL OO 3 26,239 0.000 
at E(1) 0175 d =02037 4.605 0032 
ER WEE l 0.026 4.430 0.036 





and to explain the significance of those 2-factor inter- 
actions that were found to be significant in the treatment 
ANOVA. The nature of this ANOVA corresponds directly to 

the general nature of interaction between two factors. 
Specifically, a measurable difference exists which is 
dependent upon the different levels of the factors involved. 
Accordingly, this ANOVA reflects a further partitioning of 
the sum of squares thus allowing for the investigation of 
the effects of each factor with respect to the specific 
levels of the other factor. 

An example utilizing the contrast scheme of the 5 
replicate of the 2° factorial, as Shown. in Table IL.3, 15 
Dresented here to help clarify the point discussed above. 
If for example we desired to further investigate the 
Significance of the AB interaction, it would be desirable 


to evaluate the following null hypotheses: 





H. A Effect O for both levels of B 


Hr B Effect 


E O for both levels of A 


Utilizing the contrast scheme represented in Table II.3, 
the contrast used to estimate the sum of squares attributable 


to factor A at the low level of factor B (SS, at Brow? is 


calculated as follows: 


A contrast at Brow 


AS eC el) eee OC 
2 2 
| = $ 
) A, (high)B, oy L A, (low)B 
| 1 


LOW ’ 


1=1 3 


and the sum of squares attributable to A at Be ow is thus 


calculated as: 


SS. at B e E = Bow’ 


A LOW | 4 


The effect of A at B which is called a simple main 


LOW’ 
effect, represents the mean difference between observatıons 
where A is at its high level and B at its low level versus 


Observations where A and B are both at their low levels. Thus 


the effect of at D. is calculated as follows: 


at B 


A 
= _ COntrast LOW 
Effect, at Bow A ge 


+ The calculations described above generalize directly 


to any Au Fractional Factorial thus implying the following: 
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EG at Bi 


Simple Main Effect, „+ B; = 2 (n-p=2) , i= 1,2 
2 
(A at B.) 
= contrast I SE? 
Sum Of Squares, at B; = =o) ` l1 = 1,2 


An F-statistic can be formed by dividing the sum of squares 
thus calculated, equivalent in this case to the mean square, 
by the residual mean square. The F-statistic thus formed 

is distributed according to the F distribution with 1 and 
840 degrees of freedom and is used in testing the simple 
hypotheses stated above. 

In conducting tests of hypotheses of simple main 
effects, it can be shown that SS, at Bow + SS, at BHIGH 
equals SS, E SSap! thus each simple main-effects sum of 
squares contains a portion of the corresponding interaction 
sum of squares. The procedure recommended for such tests 
[5] and which was used in the analysis discussed in Chapters 
V and VI is to assign the same per-family significance 
level to these tests as that which was used in testing 
main effects and interactions. Accordingly, a significance 
level of .025 was used in the analysis. 

purt her insight into the Significance of simple 
main effects can be gained by examining the individual cell 
means corresponding to the various levels of the two factors 
comprising the interaction. These cell means are included 


as an integral part of the discussion presented in Chapter V. 


% 
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All previous discussion regarding the definition and com- 
putation of main effects, interaction effects, and simple 
main effects, can be verified by comparing the effects 
listed in column 4 of the ANOVA with the previously defined 
linear combinations of the appropriate cell means. 

The reader is cautioned that tests for simple main 
effects are based on non-orthogonal contrasts and thus are 
not independent. A simple example is provided to clarify 
this point. Consider the 2-factor interaction AB where the 


cell means for the various levels would be represented as 


follows: 
B 
LOW HICH 
LOW AL ow? Low Arow? HIGH 
A 
HIGH AHIGHPLOW AHIGHPHICH 


As previously discussed, the effect of A at the low level of 


B would be calculated as AnTGHELOW = AzowBLow . 2sSımjlarıy, 


the effect of B at the high level of A would be calculated 


SCH HICH ~ “yrtcH® Low’ 


large cell mean associated with the 


as It should be obvious that a very 


AutcH® Low cell would 


almost certainly imply the significance of both simple 


effects A at B and B at A 


LOW thus reflecting the lack 


HIGH’ 
of independence. 


os 
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4. ANOVA for Simple Simple Main and Simple 
Interaction Effects 


The ANOVA for simple simple main and simple inter- 
action effects, an example of which is shown in Table IV.4, 
is a direct generalization of the ANOVA for simple main 
effects discussed above. This ANOVA is used to further 
investigate and to explain the significance of those 3- 
factor interactions that were found to be significant in 


the treatment ANOVA. 


Table IV.4 Example 


ANOVA for Simple Simple Main & Simple Interaction Effects 





SOURCE SS DE EFFECT E: EE 
A 0.024 1 =0 010 0.0634 0.4261 
Mat DK(00) 0.039 a 0:025 7.026 053115 
meat DK(01) 0.057 u =0 030 1.494 022220 
m at DK(10) Wee l 00059 3.945 0.0130 
Mat DK(11) 0.042 de 0.026 AS Veo 


The nature of this ANOVA corresponds directly to the general 
nature of interaction among three factors, however this is 
much more complex and much more difficult to explain than 
interaction between two factors. Interaction among three 
wors can be attributed to one or both of the following: 
m A marked effect exists for one or more of the factors 
which depends on the specific levels of the remaining two 


factors. 
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2. The interaction between two of the factors depends 


| menne specific level of the third factor. 


Ä 


The general nature of the 3-factor interaction 
described above makes it desirable that tests of the 
following type hypotheses be conducted when a significant 
3-factor interaction is encountered: 

l. H_: The effect of A is negligible for all combinations 
of levels of B and C. 
2. H_: The interaction of A and B is negligible for all 
levels of C. 
The ANOVA for simple simple main and simple interaction 
effects reflects a further partitioning of the sum of squares 
and thus allows for the testing of the above hypotheses. 


An example utilizing the contrast scheme of the = 


2 
Feplicate of the SE factorial, as shown in Table II.3, is 
presented to clarify the nature of the ANOVA. If for example 
we desired to further analyze the significance of the ABC 
interaction, we could begin by investigating the effect of 


A with respect to the various combinations of levels of B 


and C, the four possible combinations being By owl Low’ 


BrowCHIGH' Haten LOW” and B SIGH HIGH’ From Table II.3 the 


contrast used to estimate the effect of A when both B and 


C 


C are at their low levels would be as follows: 


Beontrast ZE Bow ion 7 ad -~ (1) 


ee 


H G-A 


A, (high)B 


1 LOW LOW u 


L 


KA, 
il ae 
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and the sum of squares attributable to A when both B and 


C are at their low levels is thus calculated as: 


2 
Bee _ Meontrast ZE Brow row’ 
A LOW LOW 2 : 
The effect of A at By ow" Low’ which 1s called a simple simple 


main effect, reflects the mean difference between observations 
where A is at its high level and B and C are at their low 


levels versus observations where A is at its low level and 


B and C are at their low levels. Thus in this elementary 
case the simple simple main effect of A at TEE would 
be identical to the Dee at BS OW LOW’ A similar procedure 


would then be used to compute the 3 remaining simple simple 
main effects of A at BS OW HIGH’ B tc Low? and BHTCHCHIGH' 
Additionally, the simple simple main effects of B with 
respect to all combinations of A and C and of C with respect 
to all combinations of A and B could be similarly computed. 
The resulting sum of squares when divided by the previously 
calculated residual mean square would form an F-statistic 
which could be used in testing hypothesis l. 

A Similar type computation is required to test 
hypothesis 2. If for example we desired to investigate the 


interaction of A and B with respect to the low level of C, 


me would calculate the contrast from Table II.3 as follows: 
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2 2 
= Si EE 2 AB. (low) C 


| o ase at Crow = (1) + ab - ad - bd 
| 
| ı=1 j=l 


LOW ’ 


and the corresponding sum of squares would become 


2 
(AB EC ) 
ss at C = contrast LOW 


AB LOW 4 


The effect of the AB interaction at the low level of C, 
which is called a simple interaction effect, would be 


calculated as 


AB at E 
Effect _ at C “contrast “© “Low 


AB LON 2 


The sum of squares attributable to this simple interaction 
effect and as calculated above, divided by the residual mean 
square, thus forms an F-statistic which can be used for 
testing hypothesis 2. 

The calculations described above generalize directly 


(n-p) 


to any 2 Fractional Factorial thus implying the following: 


Acontrast = RE 
Simple Simple Main Effect, at I E -3 (n=p=3) 
j = , 
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2 
(A at B.C) 
= contrast EC 
7202 
j = r 


An F-statistic can be formed by dividing the sum of squares 
thus calculated, equivalent in this case to the mean square, 
by the residual mean square. In our analysis the F-statistic 
thus calculated will be distributed according to the F 
distribution with 1 and 840 degrees of freedom and can be 
used to test hypothesis l. 

The calculations described above which were performed 


Ep order to test for significance of simple interaction 


effects also generalize directly to any 2 (n-p) Fractional 
Factorial, thus implying the following: 
ABcontrast Gë = 
Simple Interaction Efíect at C. = Pp iS, o 
AB al p.2 (N-P-2) 
2 
(AB Contrast a E 
Sum Of Squares at lc. = ——  1=1,2 
AB al r. 2 (n-p-1) 


In our analysis the F-statistic formed by dividing the sum 

of squares thus calculated, equivalent in this case to the 
mean square, by the residual mean square, will be distributed 
according to the F distribution with 1 and 840 degrees of 


freedom and can be used to test hypothesis 2. 


ae 
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In conducting tests of hypotheses involving simple 
simple main effects and simple interaction effects, it can 


| be shown [5] that 


2 Po 
ee SS, at BC, = SS, + Sënn + SSac + SSapc ' 
i=l j=l 
and that 
2 
Y = 
EE Ee 
i=l 


An argument similar to the one previously mentioned in the 
discussion of the ANOVA for simple main effects is appro- 
priate for this ANOVA, and accordingly, the significance 
levels used in the ANOVA were .025 for simple interaction 
effects and .0125 for simple simple main effects. 

Further insight Into the significance of simple 
Simple main effects and simple interaction effects can be 
Gained by examining the individual cell means corresponding 
to the various levels of the three factors comprising the 
interaction. These cell means are included as an integral 
Part of the discussion presented in Chapter V. All previous 
discussion regarding the definition and computation of main 
effects, interaction effects, simple simple main effects, 


and simple interaction effects, can be verified by comparing 
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— a SAS ee 


the effects listed in column 4 of the ANOVA with previously 
defined linear combinations of the appropriate cell means. 

The reader is cautioned that tests for simple simple 
main effects and simple interaction effects are based on 
non-orthogonal contrasts and thus are not independent. A 
similar argument as that given previously in the discussion 
of the ANOVA for simple main effects can be given here. 
Specifically, an exceptionally large cell mean will in 
general imply the significance of two or more simple simple 
main effects or simple interaction effects. 

5. Statistics for Selected Model 

The computer program utilized in generating the 
generalized ANOVA and treatment ANOVA also generates a 
best-fit regression model based on a forward stepwise algorithm. 
The statistics for the model selected, an example of which 
is shown in Table IV.5, thus summarize the results of the 
Significance testing conducted in the treatment ANOVA. It 
Should be noted that the regression coefficient shown in 
column 2 of this table equals 5 the effect shown in column 4 
Of the treatment ANOVA, and additionally, columns 3-6 
coincide directly with the aporopriately labeled columns 


Of the treatment ANOVA. 


Table IV.5 Example of Statistics for Selected Model 








REGRESSION SUM OF E PROB 
VARIABLE COBREICIENT SQUARES DE: STATISTIC es? 
F 0.028 FO 0595 l 157694 0.0001 
ADK 0.01743 Oma L 8.204 0.0043 








6. General ANOVA for Selected Model 

The general ANOVA for Selected Model, an example 
of which is shown in Table IV.6, is a direct consequence of 
the selected regression model discussed above. It should 
be noted that the sum of squares due to regression reflects 
that portion of the total treatment sum of squares attri- 
butable to the factors and interactions that were found to 
be significant in the treatment ANOVA. Similarly, the sum 
Of squares due to lack of fit reflects the total sum of 
Squares attributable to all remaining factors and interactions. 
E E SE SS treatments E SS regression Ei SS jack Of Vit. 
Accordingly, the F-statistics formed by dividing the mean 
Squares attributable to regression and Lack of Fit and as 
reflected in column 5 of the ANOVA can be used for testing 
the significance of regression and lack of fit in regard to 


the specific model selected. 


Table IV.6 Example of General ANOVA for Selected Model 











SUM OF MEAN F PROB 
SOURCE SQUARES DF SQUARES STATISTIC (X.GT.F) 
MEAN 963.836 1 936.836 
REGRESSION (TERMS) 18.184 12 1.515 39.972 0.0000 
RESIDUAL EE 1011 
LACK OF FIT 2.991 108 0.028 0.731 0.9796 
SOURCES (BETWEEN) 13.510 63 
ERROR (ADJUSTED) 31.844 840 0.038 
TOTAL 020 ce 1024 
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Various additional information is also included 
with the ANOVA shown in Chapter VII (Table VII.2). The 
percent variability that can be explained by regression 
gives an indication of the relative dispersion of observations 
within each cell, a small percentage reflecting widely 
dispersed data. The percent variability explained by the 
selected model and the sample multiple correlation coeffi- 
Eient give an indication of the total variability that can 
be accounted for by the selected regression model. Various 
statistics concerning residuals are also provided, where 
residuals as discussed here refer to the differences between 
the mean of observations within each cell and the predicted 


values as calculated by the model. 
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V. ANALYSIS OF FACTORS RELEVANT TO THE THREAT INDEX 


A. GENERAL COMMENTS CONCERNING THE ANALYSIS 

The purpose of the analysis discussed in this chapter 
was to provide insight into the relative importance of each 
of the 11 factors investigated with respect to the tank 
commander's assessment of the immediate threat posed by a 
target on the battlefield. The analysis of variance (ANOVA) 
was the primary statistical tool used in the analysis, and 
all ANOVA tables generated in the study are included in 
this chapter. The discussion presented in this chapter is 
limited to those factors and interactions which were found 
to be significant at the selected significance level of .05. 
In this respect, it is acknowledged that a great deal of 
additional information is available to the interested reader 
who chooses to further examine the ANOVA tables. 

It can be recalled from Chapter III that the data base 
used in this analysis and shown in Table III.2 consists of 
1024 observations gathered from 64 different tank commanders. 
The subjective nature of the observations and specifically 
the inherent possibility of significant scaling differences 
among the tank commanders surveyed implied that sensitivity 
analysis be verformed. Accordingly, an analysis similar to 
the one discussed in the subsequent portions of this 
chapter was repeated several times, each based on a unique 
transformation applied to the data base. These transformations 


included the following: 
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IS var 
e 2 
Ze A > Y 
Y = In, Y 
Ee 


Additionally, the following two transformations were used 
to test the sensitivity of the data with respect to possible 


scaling differences among individual tank commanders: 


Y; > ada 
i ; EE EEN 
a Lp block. 
E FB lock. 
Yi,block. ~ block. 
6. Yy.: bl k ' = EE 
re “block, 


where j = 1,2,3,..., = 64 refers to each of the 64 distinct 
blocks of 16 observations corresponding to each of the 64 
individual tank commanders; and i = 1,2,3,.., = 16 refers 
to the 16 observatins peculiar to each particular block... 
It can easily be seen that transformations 5 and 6 are 
themselves scaled relative to each tank commander and thus 
tend to equalize differences in scaling that might exist 
relative to each individual. Transformation 5 causes the 
Minimum observation for each individual to be set to zero 
and scales the remaining 15 observations from a minimum of 
zero to a maximum of one, depending on the specific range 


MENE 16 observations peculiar to the individual. Transformation 
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4 
A 
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6 scales the 16 observations peculiar to each individual 
from a minimum of about -2 to a maximum of about +2. 

The analysis discussed in the subsequent portions of this 
chapter is based on data transformed by the inverse sine 
transformation, specifically y' = arcsine yy, where each 
y is an observation of the raw data shown in Table III.2. 

The selection of this transformation was based solely on the 
fact that the characteristics of the data thus transformed 
favorably agreed with the assumptions required in the ANOVA. 
The impact of this transformation, as reflected in Table V.l, 
is to add increasingly more weight to those observations 


reflecting a higher assessment of threat. 


Table Veil Plot of y' = arcsine vy 
SCHOEFSKSTIRTSTS ABTS SCDAS MSE THM SKECTAS SANTEE TAT, A MBROR FCO TMH SOREACD SA-_ SEA TFOFRES STR AKTS BET CE. 
1.57 
EE 


SE EN 


Sé geg ee gg eee geg gege ege eg oeeeaggeee ee ggeeee gr ege eegeegc eege geee be 
> 
+ 
+ 
+ 


+ 
+ 
+ 
SZ See BB gen Bee op eeepëeergeegoeeg ec kee eege e He gef pe ëeert € geg gege g + 


SepeFeCSCessee Fe Se ee seat sep easeeteeseege -Feseseaeseeaer tT seoaesseaese Geaevrete te Ceasgetaerereeeanescesesz ee 


1.0 0.25 2.50 0.75 1.00 
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A comparison of the treatment ANOVA based on the raw 
data and the treatment ANOVA's resulting from each of the 
six transformations discussed above greatly substantiated 
the conclusions discussed in the remainder of this chapter. 
Those factors and interactions which are identified in the 
treatment ANOVA in this chapter as being significant at the 
.01 level were similarly identified in all treatment ANOVA's 
regardless of the transformations used. Additionally, the 
remaining factors and interactions which are identified in 
this chapter as being significant at the .05 level were 
in the majority of cases similarly identified, and would 
have been identified in all cases at the significance level 
of .06. These results tend to increase the level of confi- 
dence associated with the conclusions discussed in this 
chapter. 

Two assumptions that are required in the proper use of 


the ANOVA are the following: 


l. Observations are drawn from normally distributed 
populations. 
2. Variances of the populations are equal. 


Accordingly the following hypotheses were tested relative 


to these assumptions: 


“ 


Assumption l: 


Hi: Fe... Tor aml treatment combinations are distributed 
O ij a 
110,0). 
Hy 4, Ho ıs false. 
Test procedure used: Kolmogorov-Smirnov 1-Sample Test 
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Assumption 2: 
o: 
2 
H}: some 9, are not equal. 
Test procedure used: Bartlett's Test for Homogeneity 
of Variance. 

The results of these tests are shown in Table V.2. The 
criteria for rejection of the null hypothesis in either of 
the tests is as follows: Reject the null hypothesis if the 
right hand tail probability associated with the calculated 
test statistic 1s less than the selected significance level 
of .05. Since the calculated probabilities associated with 
the test Statistics were greater than .05, the null hypotheses 


as stated above were accepted, thus substantiating the use 


of the ANOVA in the analysis. 


Pape. V .2 


RK RO AA A A A OK KK a a KX 


> STATEST LES ur 9, TE SINN, ANOVAFRSSOHBTTLONS E 
Kok ir RR RRA a AA AAA 


BR ICLETT TEST FOR. HIMOSENELTY Or CELL VARIANCES 


M / C (CHI SQUARE) : Suu 
DEGREES OF FREEDOM : 127 


PROB( X .GT. M/C ) : 0.138993 


KS TEST FOR NORMALITY ASSUMPTION 
KS STATISTIC (DMBK) : 0.053000 
AUMBER OF POMES : 128 


BEES Lë Grp, ES ) : 0.855580 
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B. IDENTIFICATION OF SIGNIFICANT FACTORS AND INTERACTIONS 
The total partition of the sum of squares associated 
with the transformed data is reflected in the generalized 
ANOVA shown in Table V.3. The residual (within) mean square 
reflected in this ANOVA, specifically .038, became the 
denominator in all F-statistics used in the analysis. 
Furthermore, the 840 degrees of freedom allocated to the 
residual mean square as shown in Table V.3, appropriately 
identified the particular distribution of the F-statistics 


thus calculated. 


Table V.3 


GENERALIZED ANOVA 


a me a eee emt ee eee ee eee ee ee ee emm we. emt, DD TT O emt engt emm a emp em emm fg eee SH ee nf emp ee eee ee ee ee ee es ee em 


SOURCE SS DF 45 
MEAN Sees 
BETWEEN BLOCKS 5 REPS 13.510 63 
REPLICATIONS 3.320 
SLOCKS 1.023 7 
RESIDUAL (BETWEEN) 9.167 49 0.187 
WITHIN BLOCKS & REPS 53.020 960 
TREATMENTS les 120 
RESIDUAL (WITHIN) 31.844 840 2.038 
Mot SSS 1030.366 1024 


The treatment ANOVA shown in Table V.4 reflects the 


investigation of 120 various treatment effects, of which 
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Table V.4 


TREATMENT ANOVA 


SOURCE 


D RG zo mg D oO N D 


>» » 
O w 


AD 
AE 


AG 


AH 
AJ 
AR 
AL 
BC 
3D 


rr 


LG 
mM 


Sn ©). ©. Ao AQ CO 
taj E] 


tg Dm tH bj 


LONO ix 


OQO D Wry 
Du T 


G) 


At 


aC 


rc, >» 


A 


oo mu 


2/37 PFI 
ALIAS 


-b ch eh 


~h ech 


.344 
22 


32805 


w O OoOo QOQ = O N 


dt 


SE 
320 
.336 
.624 
350 
.101 


wie 
«441 


ex 


X 


* 


Ee Gal, SQUARE 
0209 0.024 
0007 0.011 
-0.004 0.004 
=0 Os 0.008 
=0,.019 0:091 
0.048 0:595 
0-031 0. 247 
0.031 0.247 
0192 9.483 
=i OOS 12001 
-0.134 4.594 
0.003 0.002 
=0r.009 0022 
02.007 0.013 
9.014 0.049 
0.024 0.144 
20:01 02.089 
=) 220.05 DTW 
IAS 0.058 
9.008 00 > 
0.010 0.024 
02.003 0.002 
SCHER Oe 
020,0 0.028 
-0 2008 02,917 
T PIKSELE) IS LESS TH 
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Table V.4 (continued) 





Dn RE MEAN P PROB 
SOURCE “ALIAS DF EFFECT SQUARE STATISTIC (X.GT.F) 
BG SC? 1 0.005 0.006 0.155 0.694 
BH 1 0.004 0.005 0.130 0.718 

CFL 
DEK 
BJ a 1 202006 0.008 0.222 0.638 
F 
BK ma 1 0.008 0.015 Des SE 
E 
BL Bé 1 0.004 0.004 0.099 0.754 
CD q -0.004 0.003 0.034 0.772 
CE Së 1 -0.001 0.000 0.007 0.934 
CF 1 0.011 0.029 One 0.379 
AGK 
BAL 
ER ar 1 3.003 0.002 0.047 0.329 
T 
CH 1 0.001 9.000 0.010 0.920 
BFL 
AEJ j 
CJ dës 1 0.007 0.014 0.358 WEITE 
Ck Së 1 -0.015 0.060 san 0.209 
P 
CL o 1 -0.003 0.002 0.959 0.306 
DE 1 0.000 0.000 0.091 0.932 
AGL 
B HK 
DP RN 1 -0.005 0. 006 0.147 0.701 
DG 1 2.001 0.000 0.007 0.934 
Sen 
BPJ 
DH Së 1 0.006 0.009 0.232 0-630 
DK i | -0.001 0.000 0.911 0.917 
BÉ 
DJ ei 1 0.005 0.005 0.142 0.707 
2G 
DL 1 -0.003 0.003 9.079 0.779 
A2G 
Br 1 -0.009 0.022 en 0.448 
NONE 
26 i | -0.019 9.095 2.493 0.115 
AD 
2H | oo 0.032 0.851 057 
3DK 
ACJ 
Bg ur + -0.020 Deine SEN 0.097 
2K =a 1 0.026 0.168 4.330 0.036 * 
EL È -0.004 0.004 0.105 0.747 
A DG 
* INDICATES THAT 2 (632.8) IS LESS THAN .05 
as INDICATES THAT PAXLST.F) IS LESS THAN 01 
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Table V.4 (continued) 


2/3 FI MEAN P PROB 
SOURCE ALIAS ODF EFFECT SQUARE STATISTIC (X.GT.F) 
FG 1 -0.008 0.016 0.419 0.517 

ACK 
BDJ 
FH 1 0.023 0.134 3.527 0.061 
BCL 
FJ SR 1 0.030 0.231 6.034 0.014 * 
PK eee 1 9202 0.034 0.906 0.341 
PL = 1 90 0.0846 1.296 0.273 
GH 1 0.009 0.020 0.536 0.464 
NONE 
GJ so 1 9.001 0.000 0.006 0.941 
3 
GK i 1 0.004 0.004 0. 106 0.745 
AC 
EL br 1 -0.015 0.059 1.551 GE 
HJ SE 1 0.011 0.033 0.874 0.350 
E 
HK ao 1 -20.015 0.959 1.550 07218 
HL BE 1 02017 0.076 2.007 0.157 
JK 1 -0.006 0.008 82210 0,687 
NONE 
JL 1 9015 0.055 1.455 0.228 
NONE 
KL 1 0 EA 0.257 SE 0.009 x*x 
NONE 
ABC fen 1 =O. O17 0.071 1.875 024171 
ABD ME 1 -0.003 0.003 0.059 GE 
ABE , 1 9.0415 0.064 1.683 0.195 
kn] L , 
ABF : 1 0.013 9.045 a 0273 
EJL 
ABG E 1 0.003 0.002 0.044 0.834 
Ge 
ABH GER 1 -0.008 0.013 0.437 0.435 
ABd 1 0.009 0.021 0.545 0.461 
CDK 
PFL 
ABL 1 SM E 0.003 0.078 0.780 
EFJ 
CIK 
ACD See 1 950093 9.015 3.438 0.523 
MEL p 1 0.016 0.083 SE 0.181 
aDP u. 1 EO Ono 0.038 1.098 0.316 
ADH a: 1 -0.008 0.016 0.419 0.518 
ADJ E 1 0.001 0.000 9.0923 0.959 
BCA 
* INDICATES THAT q ch 4 IS LESS THAN .05 
e INDICATES THAT DIX.ST.P) IS LESS THAN .01 
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Table V.4 


(continued) 


e e | E SE E E o o mm mm o o a O a E ay ADA y ee See ED emm O O e. mm wm <<. emm emm 


BCG 
BEG 


BGH 
NONE 
NONE 
NONE 
NONE 
NONE 
EKL 
EAL 
HJL 
GJL 


ELK 


GHJ 
DKL 
NONE 
DFL 
NONE 
DJL 


MEAN 


SQUARE 


F 
STARISTIC 


PROB 
(X.GT.F) 


— ale <= TP TP TP A TD TD mm TO O A ay T T eee eee eee aoe O O... o 





Table V.4 (continued) 


SE MEAN F PROB 
SOURCE “ALIAS DF EFFECT SQUARE STATISTIC (X.GT.F) 
CKL SH 1 0.003 0.003 0.068 0.794 
L 
DEJ 1 0.009 0.019 O 0.475 
NONE 
DFH 1 0.004 0.003 0.084 072 
NONE 
DGK 1 0.005 0.007 DERA: 0.674 
NONE 
Er es 1 Do 0. 045 TE Pes 0.277 
N 
EPH an 1 0.002 9.001 0.036 0.849 
N 
ZGE a 1 -0.001 0. 000 0.003 0.961 
EGJ g 1 0.007 0.013 Deus 0 
PH 
ZHL 1 0.000 0.000 0.000 1.000 
NONE 
EJK ba 1 9.010 0027 0.712 0.399 
E 
FGL > 02050 0.641 16.914 0.000 ** 
DAL 1 9.010 0.025 So 0-415 
NONE 
* INDICATES THAT p (x GT 3 IS LESS THAN .05 
ve INDICATES THAT Pl(X.3T.FP) IS LESS THAN .01 
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12 were identified as being significant at the .05 level; 


| specifically, the main effects F,G,H,J,K, and L; the 2-factor 


E “= 


interactions EK, FJ, and KL; and the 3-factor interactions 
ADK, AEK, and FGL. It should be noted that the total sum 

Of squares attributable to these 12 effects accounts for 86 
percent of the total treatment sum of squares. A reordering 
Of the effects based on their relative importance, as indi- 
cated by a comparison of their corresponding sums of squares, 
WS as follows: J,L,K,FGL,F,AEK,ADK,KL,H,G,FJ, and EK. 

The remaining portion of this chapter is devoted to the 
Physical interpretation of the factors and interactions that 
were identified as being significant in the treatment ANOVA. 
In this respect it is important to note that the effects 
listed in column 4 of Table V.4 are in some cases positive 
and in other cases negative. It can be recalled from 
Chapter IV that the effects listed in column 4 of Table V.4 


were calculated as follows: 


A 
= contras t = = 
Effect, (column 4, Table V.4) = 3 an AuIGH AL ow 








Thus the effect shown in column 4 of Table V.4 reflects the 
mean of all observations where the factor was at its high 
level minus the mean of all observations where the factor 
was at its low level. An identical argument holds for both 
Main effects and interaction effects. Thus a positive 


effect shown in column 4 of Table V.4 indicates that the 


os 


77 








mean at the high level was greater than the mean at the Low 
level, and a negative effect in column 4 of Table V.4 indi- 
cates that the mean at the low level was greater than the 
mean at the high level. In the context of this analysis a 
positive effect indicates that a greater degree of threat 
is associated with the high level of the factor or interaction 
while a negative effect indicates that a greater degree of 
threat is associated with the low level of the factor or 
interaction. 

The interpretation of main effects is very straightforward 
and in most cases the subsequent discussion of these will 
seem elementary. Interpretation of interactions, particularly 
3-factor interactions, is quite difficult and the discussion 
will in general be quite involved. The ANOVA for simple 
main effects and the ANOVA for simple simple main effects 
and simple interaction effects, as discussed in Chapter IV, 
were utilized in interpreting the significance of the 2-factor 
interactions EK, FJ, and KL, and the 3-factor interactions 
ADK, AEK, and FGL. The individual cell means associated 
with each interaction were also utilized. The extent of 
mae discussion thus allocated to each factor or interaction 
is in no way intended as a reflection of its relative 
importance. 

EE should also be noted from column 2 of Table V.4 that 
EK is aliased with BDH, FJ with BDG, and ADK with BCJ. 
The discussion in this chapter is based on the assumption 


aN 


that the 2-factor interactions EK and FJ are more important 
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Ee 


EN 


than their 3-factor aliases BDH and BDG. An interpretation 
of the ADK interaction is given in lieu of the BCJ inter- 
action since ADK offered the simplest explanation. The 
reader is cautioned that either ADK or BCJ or both might 

be significant since the alias pattern of the experimental 


plan allows no clear interpretation in this case. 


C. INTERPRETATION OF SIGNIFICANT MAIN EFFECTS 
E Factor J 


J -- turret orientation of enemy target relative 
to the friendly tank 


JLow -- turret is pointed away from friendly tank 


J - turret is pointed at friendly tank 


HIGH 

The turret orientation of the enemy target was found 
to be unquestionably the single most important factor 
impacting on the tank commander's assessment of the immediate 
threat posed by an enemy target. The tank commander's 
assessment of threat increases dramatically when the turret 
of the enemy target is pointed at him. Similarly, he feels 
much less threatened when the turret of the enemy target is 
pointed away from him. 


2, (Eaeter.L 


L -- Range between observer and target 
Low -- Range is within 2000 meters 
LurcH -- Range exceeds 2000 meters 


The range between target and observer was the second 


Most Critical factor impacting on the tank commander's 
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assessment of the immediate threat posed by a target on the 
battlefield. The tank commander feels much more threatened 
by targets that are within 2000 meters of his position 

than those that exceed 2000 meters. 


3. Factor K 


K -- Range between observer and target 
Krow 77 1050 meters 
Buren -- 1700 meters 


The tank commander feels much more threatened by 
a target at the 1050 meter range than one at the 1700 meter 
range. It should be noted here that the impact of this 
range factor is much less severe than the impact of range 
factor L described above. This undoubtedly reflects the fact 
that the tank commander, although associating a much greater 
threat with targets at 1050 meters, also feels highly 
threatened by targets at 1700 meters as well. It appears 
that in the case of factor L described above that verv little 
immediate threat is assessed to targets whose range exceeds 
2000 meters. 

er actor.E 


F -- enemy target's position relative to friendly 
tank's sector of responsibility 


FLOW -- enemy target is not in the sector 
FUIGH -- enemy target is in the sector 
The tank commander feels much more threatened when 


Eonfronted by a target within his sector than by one outside 


RE his sector. 
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PRActor E 
H -- enemy target type 
How 77 BMP/BRDM with sagger 


Haxen -- Tank T72 


The tank commander in general feels more threatened 


by an enemy tank than by a BMP or BRDM with sagger. 


Gr 


Factor G 


G -- intelligence on previous firing activity 
of the target 


Grow ~~ target has not been detected firing in the 
previous 60 seconds 


G -- target has been detected firing in the 
HIGH É 
previous 60 seconds 


The tank commander feels relatively more threatened 


by a target that is known to have fired in the last 60 


seconds than by one that has not been detected firing in 


the last 60 seconds. 


me LNTERPRETATION OF SIGNIFICANT 2-FACTOR INTERACTIONS 


l. 


ER Interaction (Table V.5.1) 


E -- cover/concealment of the enemy target 
E row -- fully exposed 

Euren -- not fully exposed 

Bez zrange CO enemy target 

Kr ow == 1050 meters 

KIGH -- 1700 meters 


The tank commander feels significantly more threatened 


when confronted by a target that is fully exposed at a range 
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of 1050 meters than by one that is not fully exposed at a 
mange of 1050 meters. A much greater threat is associated 
with fully exposed targets at 1050 meters than similar 
targets at 1700 meters. The degree of exposure of the enemy 
target has relatively little impact at ranges of 1700 
meters. 

SE 


F -- enemy target's position relative to the 
friendly tanks sector of responsibility 


FLOW -- enemy target is not in the sector 
F SIGH -- enemy target 1s in the sector 
J -- turret orientation of enemy target relative 


to the friendly tank 


J -- turret 1s pointed away from the friendly 
LOW 
tank 
Jurc <- tr ürret 1s DOlNtee at Ene friendly tank 


The tank commander feels much more threatened when 
confronted by a target that is within his sector and whose 
turret is pointed at him than by a similar target outside 
his sector. Whether the target is in or out of the tank 
commander's sector of responsibility has relatively little 
impact if the turret of the target is pointed away from the 
tank commander. Turret orientation of the enemy target 
relative to the friendly tank impacts greatly on the tank 
commander's assessment of threat regardless of the target's 
position relative to the tank commander's sector of respon- 
Bibility. However, turret orientation of the enemy target 


impacts much more severely if the target is also in the sector 
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of responsibility. Unquestionably, the tank commander 
associates the greatest threat with a target that is within 
his sector of responsibility and whose turret is pointed 
er him. 

RD Interaction (Table V.5.3) 

Recall from Chapter III that K and L are pseudo 
factors for range and that four levels of range were in fact 
investigated in the study. The contrast used to estimate 
the KL interaction thus represents one of the three degrees 
of freedom attributable to the four levels of range. In 
this respect this interaction is different than the 2-factor 
interactions FJ and EK previously discussed. 

The cell means shown in Table V.5.3 reflect the mean 


of observations at four distinct ranges. 


L 
(LOW) (HIGH) 
(LOW) 1050 m 23500m 
K 
(HIGH) 1700 m 3000 m 


It can easily be seen that there is a direct correlation 
between the threat assessed by the tank commander and the 
range between target and observer. Specifically, the tank 
commander feels very threatened when confronted by a target 
at a range of 1050 meters, somewhat less threatened by a 


target at a range of 1700 meters, much less threatened by 
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a target at a range of 2350 meters, and very much less 


threatened by a target at a range of 3000 meters. 


E. INTERPRETATION OF SIGNIFICANT 3-FACTOR INTERACTIONS 


Ll. ADK Interaction (Table V.6.1) 


A -- on-board rounds remaining 

AL ow -- above critical level 

AuıcH == at or below critical level 
D -- speed of enemy target 

Ds ow NO ses E 

Darc -- fast 

Ras sane eo enemy target 

Kr ow -- 1050 meters 

Barca -- 1700 meters 


Differences in ranges of 1050 meters and 1700 meters 
greatly influence the tank commander's assessment of the 
immediate threat posed by an enemy target, however the 
relative impact of these range differences is highly dependent 
upon the speed of the enemy target and the on-board ammuni- 
tion available to the friendly tank. Given that on-board 
ammunition is above the critical level and the speed of the 
target is fast, the tank commander associates a much greater 
threat if the target is at a range of 1050 meters than one 
at a range of 1700 meters. A similar argument holds when 
the on-board ammunition is below the critical level and the 
speed of the target is not fast. In the two situations 


described above, the difference in range impacts severely 
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on the overall threat assessed. The impact of the range 
differential is relatively small when on-board ammunition 
is above the critical level and the speed of the enemy 
target is slow. Similarly, the impact of the range differ- 
ential is relatively small when the on-board ammunition is 
below the critical level and the speed of the target is 
fast. 


2. AEK Interaction (Table V.6.2) 


A -- on-board rounds remaining 

A ow -- above critical level 

A ICH -- at or below critical level 

E -- cover/concealment of the enemy target 
E ow -- fully exposed 

ExIGH == nót fully exposed 

Poc Tance CO enemy carget 

Ke ow -- 1050 meters 

HIGH -- 1700 meters 


The relative threat which a tank commander assesses 
to targets at ranges of 1050 meters and 1700 meters is highly 
dependent upon his available ammunition and the degree of 
cover or concealment afforded his target. Given that the 
tank commander's on-board ammunition is above the critical 
level and that he is confronted by a fully exposed target, 
the tank commander assesses a much greater threat if the 
target 1s at the 1050 meter range rather than the 1700 meter 


range. A similar situatiom exists when the tank commander's 
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on-board rounds remaining is below the critical level and 
his target is not fully exposed. Again, in this situation 
a much greater threat is assessed if the range to target is 
1050 meters rather than 1700 meters. 

It shoulä be noted that the impact of the range 
differential becomes insignificant in those situations where 
the tank commander's on-board ammunition is above the criti- 
cal level and his target is not fully exposed, or when his 
on-board ammunition is below the critical level and his 
target is fully exposed. Given either of these situations, 
the threat assessed to the target at a range of 1050 meters 
differs very little from the threat assessed a similar 
target at a range of 1700 meters. 

ge cel iinteraction (Table V.6.3) 


F -- enemy target's position relative to friendly 
tank's sector of responsibility 


LOW -- enemy target is not in the sector 
FUIGH -- enemy target is in the sector 
G -- intelligence on previous firing activity of 


the enemy target 


G -- target has not been detected firing in the 
LOW 
last 60 seconds 


G target has been detected firing in the 


E last 60 seconds 

ce ande to target 

Low 77 range is less than 2000 meters 
Lorch range exceeds 2000 meters 


t is quite apparent from observing the, cell means 


Bhown in Table V.6.3 that in general a much greater threat 
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is assessed targets whose range is less than 2000 meters 
than those whose range exceeds 2000 meters. However, the 
relative impact of nce as described here is very dependent 
upon whether or not the target is in the tank commander's 
sector of responsibility and whether or not the target has 
been detected firing in the last 60 seconds. 

Given that an enemy target is in the sector of 
responsibility and has been detected firing in the last 
60 seconds, the threat assessed this target is very much 
greater if its range is within 2000 meters. A similar 
Situation exists when the enemy target is not in the tank 
commander's sector of responsibility and has not been 
detected firing in the last 60 seconds. Given this situation 
the tank commander again feels much more threatened if the 
target is within 2000 meters than 1f its range exceeds 2000 
meters. Range impacts much less severely in situations where 
the enemy target 1s in the sector of responsibility but 
has not been detected firing in the last 60 seconds, or 
where the enemy target is outside the sector of responsibility 


and has been detected firing in the last 60 seconds. 
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Table" V.5.1 
ANOVA FOR SIMPLE MAIN EFFECTS 


e To mm awe awe emm A. A EY A E A A A mg ob op ep e A A A SD SD emm op emt et om mmm SER mmm SER SED SD SER SD SD SER SD TD SD emm TT mm OT oo. 


MEC ess EE ne 
E OS EE EE 
E AT K(0) 0.253 1  -09.044 6.669 0.010 ** 
E AT X(1) 0.006 1 0.007 0.155 0.694 
K EE So vos 26.414 0.000 ** 
K AT E(0) 0.995 1 -0.088 26.239 0.000 en 
K AT E(1) as A o 4.605 0.032 
EK 0.168 1 0.026 4.430 0.036 *x 
PRAT LPP 
HXiN CFPECTS. O OO É : 
GRAND MEAN = 0.9702 


CEET EE EE EE E EE EN 
= Ey MEANS * 
ke Ke A KOK KOK 


x 
(LOW) (HıGH) 
(LOW) 1.02367 : 0.93552 
- aia N Die Paha ee nat el Dah pal oq ai 
(HIGH) 0.97923 : 0.94230 
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Table V.5.2 
ANOVA FOR SIMPLE MAIN EFFECTS 


e E E O O gt mm > A mp gp mm gt im SUR cin SUR SUN A A mm gt gt emp SEND mm mp gt git gët TA A mm mm O O O TO mm op zt mmm zë Se iD mA mg gp ci O A O A A mg mm 


EE EE Ee 
P 0.595 1 0.048 15.693 0.000 ** 
FAT J(0) OA 0.018 (E ER 
F AT J(1) 0.783 1 0.078 20.559 0.000 *x 
J 9.483 1 0.192 250.148 0.000 ** 

J AT F(0) Bo 0. 162 89.104 0.000 ** 

J AT F(1) 6.336 1 2 Zo 0.000 d+ 
FJ DN 9.030 6.084 0.014 == 
DE EE 

MAIN EFFECTS. 
GRAND MEAN = 0.9702 


Ss zx kk E 


“A Coll sAEANS * 
de AR KK dee 


J 
(LOW) (HIGH) 
(LOW) 0.86485 : 1202730 
z EE 
(HIGH) 0.88304 : 1. 10552 
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Tabie V.5.3 


ANOVA FOR SIMPLE MAIN EFFECTS 


wt O A A mg fr emt mm A A A mr emt emt a A eg mt emt ot emp mp emt emt emp emp SD emt emt emt emp or vm A A emp wm emt a > A > A A A emp y A emt mie cm emt emp TU A mm SA wm 


SOURCE SS DF EFFECT F P(X.CT.F) 
K 1.001 1 -0.063 26.414 0.000 xx 
ERRA TO (0) SES 1 -0.031 3.216 0.073 
A 1.136 1 -0.094 29.977 0.000 ** 
L 4.594 1 -0.134 121.172 0.000 xx 
E AT K(0) 1.339 1 -0.102 35.317 0.000 «x 
EAT (1) 3.512 1 -0.156 92.633 0.000 ** 
EL 0.257 1  -0.032 6.777 0.009 zs 
**  INDICATES THAT 2 4x CT P) IS LESS THAN .0500 FOR MAIN 
AND INTERACTION EFPECTS, AND LESS THAN .0250 FOR SIMPLE 
MAIN EFFECTS. 
GRAND MEAN = 0.9702 
A RA A A KEE 
* CELL MEANS * 
eK eee ek KX 
(LOW) (HIGH) 
(LOW) 1.05259 : 0.95031 
K BEE E eg e 
(HIGH) OZ io = ).85609 
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EEN TO 
THE FIRE/NO-FIRE DECISION INDEX 
A. GENERAL COMMENTS CONCERNING THE ANALYSIS 
The purpose of the analysis discussed in this chapter 
was to provide insight into the relative importance of each 
Of the 11 factors investigated with respect to the tank 
commander's decision to engage or not engage a specific 
target. Recall from Chapter III that the data base used in 
this analysis, as shown in Table III.3, consists of 1024 
observations of 'yes' and 'no' responses reflecting the 
tank commander's decision to engage (yes) or not engage (no) 
in each of the situations described by the treatment com- 
binations of the experimental plan. The Cata was coded as 
meror ‘'yes' and 0 for ‘'no'. The primary statistical tool 


used in the analysis was the Factorial Chi-Square [3]. 


om THE FACTORIAL CHI-SQUARE 

The Factorial Chi-Square, although in general not as 
precise as the ANOVA, is very simple and very appropriate 
Bor attribute data of the type shown in Table III.3. The 
hypothesis tested using this technique is identical to that 


tested in the treatment ANOVA of Table V.4, specifically the 


following: 
Ho: Effect of A is negligible. 
Hy: Beet of Ais Significant. 
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It can be shown that in a 2” factorial the following 
statistic is approximately distributed according to the 


chi-square distribution with one degree of freedom [3]: 


N 


(1) = (S) (F) x pone ean 


where: 


NS the total number of observations in the 
experiment 


S is the total number of occurrences, and 


F is the total number of non-occurrences. 


Tf we consider each observation in Table III.3 as a Bernoulli 
trial with two possible outcomes being 'ves' or 'no', then 
the sum of all observations will be distributed Binomial 


(NP,NPQ), where P equals the probability of a 'yes' and 9 


t I 


equals the probability of a 'no Then the statistic 
Es ,. approximately Normal(0,1). Under the null hypothesis, 
y NPQ contrast 
the Elcontrast] equals 0 and thus the statistic ———~—— is 
/NPQ 
BBproximately Normal(0,1). Accordingly, the statistic 
2 

A is approximately distributed as chi-square with 
one degree of freedom. Since P = S/N and Q = F/N, the 

nn | Kou N 2 
Beatistic as defined above, specifically TST TFT Contrast 


Mil) under the null hypothesis be distributed chi-square with 
One degree of freedom and can be used for testing the 


hypothesis stated above. The only restriction that applies 
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to the use of this technique in the u) fractional 
factorial is in the interpretation of the results. Specif- 
ically, the same arguments concerning the aliases of each 
effect, as previously mentioned in the use of the ANOVA, 
also apply to the use of the factorial chi-square. 

The results of this analysis are presented in Table VI. 
Columns 1 and 2 of Table VI correspond directly to columns 
l and 2 of the treatment ANOVA shown in Table V.4. Column 
3 reflects the sincle degree of freedom attributable to 
the single unique contrast used in estimating the effect 


Miísted in colum 1. Column 4 reflects the contrast of the 


source shown in column 1. Column 5 reflects the calculated 
chi-square statistic as described above. Thus in our case, 
re 


Chi-square statistic (EYES) (ENO) 
The decision to reject or not to reject the null hypothesis 
was based on comparing the right-hand tail probability 
Besociated with the calculated chi-square statistic, column 
Hof Table VI, with the significance level selected for the 
analysis, specifically .05. 

Ehe remainder of this chapter is devoted to the identi- 
Mecation and interpretation of those factors and interactions 
meat were found to significantly impact on the tank 
Commander's decision to engage or not engage a specific 


Mcet. It should be noted from Table VI that the contrasts 


Feflected in column 4 are in some cases positive and in other 
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Table VI 
FACTORLAL SCHE-SQUARE ANALYSIS 


2/3 FI CHI SQUARE PROB 
SOURCE ALIAS DF CONTRAST STATISTIC (IG CS) 
A 1 -51.0000 10.3164 0200. 130% 
NONE 
B 1 7.0000 0.1943 0.6593 
NONE 
C 1 -37.0000 5.4299 0.0198 * 
NONE 
D 1 -17.0000 1.1463 0.2843 
NONE 
2 1 -45.0000 8.0313 0.0046 * 
NONE 
P 1 19.0000 1.4318 0.2315 
NONE 
G 1 33.0000 4.3193 0203 17% 
NONZ 
A 1 35.0000 4.8587 0.0275 + 
NONE 
J 1 127.00009 63.9725 0.0000 = 
NONE 
K 1 -59.0000 928057 0.93002 = 
NONE 
L 1 -223.0000 197.2402 0-0 * 
JONE 
AB 1 1.0000 0.004) 0.3498 
NONE 
dE 1 -3.0000 0.0357 0.3501 
CIR 
2HJ 
AD a 1 -23.0000 2.0982 0.1475 
AE 1 -3.0000 0.0357 0.3501 
DCL 
CHJ : 
F E 1 9.0000 023213 0.5708 
AG 1 -17.0000 1.1463 Dee 
DEL 
CFR 
A H 1 21.0000 1.7491 0.1360 
CE 
AJ 1 41.0000 6.6674 0.0098 * 
SSA 
| AK A 1 15.0000 0.8924 0.3448 
FG 
AL 1 -1.0000 9.0040 0.9498 
DEG 
ls É 1 -13.0000 0.5793 O1 29 
3D 1 3.0000 0.0357 0.8501 
RG 
24X 
BE E 1 -1.9000 0.0040 0.9498 
He 
SE 1 -17.0000 1.1463 0.2843 
DSJ 


mm ër gf emp ër em A A A A wë A omg mmm ef a DO TD a A ër y y A ëm of ëm ëm ëm O ED ED CO si A A O A ëm si om O E A cm E A a y A A A A ie m O ëm 
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Table VI (continued) 


2/3 FI CHI SQUARE PRO 
OURCE ALIAS Dr CON TRAST STATISTIC (X.GT.CS) 
BG e 1 5.0000 0.0992 0.7528 
BH Ke 1 7.0000 0.1943 026593 

DEK 
BJ Bes 1 -5.0000 0.0992 0.7528 
3K u 1 7.0000 0.1943 06595 
BL I; 1 9.0000 0,3243 0.5708 
ER 
CD 1 11.0000 0.4793 0.4885 
NON E Í 
CE E 1 3.0000 00357 0.8501 
sad 
CP 1 11.0000 0.4799 0.4885 
AGK 
3HL 
CG Ae 1 17.0000 1.1863 0.2843 
CH 1 7.0000 0.1943 0.6593 
BPL 
AEJ 
cJ 1 27.0000 2.3913 0.0891 
AEH 
CK S | -27.0000 2.8914 0.0891 
AFG 
on 1 9.9000 oe 0.5708 
BFH 
DE 1 11.0000 0.4799 0.4585 
AGL 
B aK i 
p a 1 3.0000 0.0357 0.8501 
DG 1 23.0000 2.0982 0.1975 
Nor 
BEJ 
DH j 1 -5.0000 0.0992 07598 
BEK 
DK 1 17.0000 1.1863 9.2843 
BEH 
Str die 1 3.0000 0.0357 0.8501 
DL dei 1 13.0000 Ve KEES 
BE on 1 -17.0000 1.1463 0.2843 
NONE 
EG 1 1.0000 0.004) 0.9498 
ADL 
EH 1 -9.0000 0-3213 0.5708 
BDK 
weg 
2J T 1 3.9000 0.0357 0.8501 
EK 1 21.0000 1.7491 0.1860 
BDH 
St 1 -19.0000 1.4313 0.2315 
ADS 


O E My e as am = awe O emm emm mm ee ee Se dd dc <i> mmm ees eee dd dd 
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Table VI (continued) 


emt ot gp emp emt am A emt emt emt emp TU emp A emt 207 emt cam DU emp ot om omg A LA A emp aim: mt emt mm Mil: am mt mm: gp emp o mm: pm mm il: mm emp 0 emp om (ml: mid pm a ee mmm pm mt mm emp 


2/3 FI CHI SQUARE PRO 
SOURCE ALIAS OF CONTRAST STATISTIC .GT.CS) 
FG 1 21120000 0.4799 0.4885 

ACK 
BDJ 
FH SCH 1 -9.0000 OST 0.5708 
FJ an 1 -1.0000 0.0040 0.9498 
G 
FK ex 1 13.0000 0.6703 DEES 
FL = 1 21220009 0.4799 0.4885 
BCH 
GH a 1 -19.0000 1.4313 0.2315 
ER a. 1 -11.0000 0.4799 0.4885 
GR a 1 -21.0000 1.7491 0.1860 
GL qe 1 - 1.0000 0.0040 0.9498 
5 
JJ | 1 -9.0000 SAS 0.5708 
= G 
HK GE 1 22000 0.0357 0.8501 
HL dë 1 215.0000 0.3924 0.3443 
JK ER. 1 7.0000 0.1943 0.6593 
S T 1 -3.0000 Eis 0. 8501 
NONE 
KE rH 1 27.200900 5.4299 0.9198 * 
NONE 
MSC i 1 27.0000 0.1943 0.6593 
DJ: 
ABD Ce 9.0000 0.3213 0.5708 
ABE E: 1 5.0000 0.0992 0. 7528 
ABP a 1 1.3000 0.0040 0.9498 
ABG Pa 1 -9.0000 ee 0.5708 
ASH Sek 1 5.2000 0.2992 0.7528 
KL 
ñaJ se 1 =7 DDDO 0.1943 0.6593 
BEL 
ABL 1 11.0060 0.4799 0.4885 
2FJ 
SH 
ACD Sei 1 =7.09000 0.1943 0.5593 
A 
ACL Ce 1 19.0009 Be 0.2315 
AD? 1 5.0000 0.0992 0.7528 
JON E 
ADH 4 1 ODO 2.0982 SES 
NONE 
ADJ 1 25.0000 2.4789 0.1154 
SES 


ease o mb mm mm emt em em ëm ëm eee em em gt emm em mb mm oft ot op emp emt op mm am mt em mm A ci: emp mm op mmm mm em ab mb emp mm mmm mm emm mm mmm mmm emm am em om mt mm mp emt mm om mm 


ACEN EE THAE P(X.GT.ES) IS LESS THAN .05 
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Table VI (continued) 


ZU. FI CHI SQUARE PROB 
SJURCE ALIAS DP CONTRAST STATISTIC (Xen. es) 
ADK GE 1 -9.0000 0.3213 0.5708 
AZF Së 1 17.0000 1.1453 0.2843 
AEK 1 -21.0000 1.7491 0.1360 
NONE 

AFH 1 1.0000 0.0049 0.9498 
NONE 

APJ SE 1 1.0000 0.0040 0.9498 
& 

AGd Es 1 -17.0000 1.1453 0.2843 

AHK Ss 1 -5.0000 0.0992 0. 7528 

A HL a 1 19.0000 1.4313 0.2315 
Se 

AJK E 1 -9.0000 E 0.5708 

AJL : 1 -17.0000 1.1453 0. 2843 
BE 

AKL u 1 5.0000 0.9992 0.7523 

BCE 1 7.0000 0.1943 0.6593 
NONE 

3CG 1 21.0000 1.7491 0.1860 
NONE 

BEG 1 17.0000 1.1453 0. 2843 
NONE 

BFK 1 -3.0000 0.0357 0.8501 
NONE 

B EJ We 15.0000 0.3924 0.3448 

CDE ive 1 3.0000 0.0357 0.8501 

L 

SDF É 1 19.0000 1.3313 0.2315 

CDG Ke 1 9.0000 E 0.5708 

CDH a" 23.0000 2.9982 0.1475 
GJL 

CDL E 1 13.0000 0.6703 0.4129 
SEI 

CER . 1 11.0000 0.4799 0.4835 
DKL 

CEG 1 -11.0000 0.3799 0.4885 
NONE 

CEK 1 1.0009 0.0040 0.9498 
DEL 

CPJ i 1 -9.0000 0.3213 0.5708 
NONE 

CGH 1 -11.0000 0.3799 9.4385 
DJL 

EGJ -11.0000 0.4793 0.4885 
DHL 

CGL o -5.0000 0.0992 0.752 
D 

Eat , 1 -3.0000 0.0357 0.8501 
yn 


Mme teases THAT P(X.GT.CS) IS LESS THAW .05 


100 








Table VI (continued) 





E CHI SQUARE ROD 
SOURCE ALIAS ODF CONTRAST STATISTIC EE 
CKL SC 1 15.0000 0.3924 0.3443 
DEJ 1 22000) 2.0982 0.1475 
NON E 
DFH 1 7.0000 0.1943 0.6593 
NONE 
DGK 1 7.0000 0.1943 0.6592 
NONE 
EFG E 1 -11.0000 0.4799 0.4385 
EFH 1 3.0000 0.0357 0.8501 
EGH Gë 1 11.0990 0.4799 0.4885 
SG a 1 5.0000 0.0992 GEET 
A 
ZHL 1 5.0000 0.9992 9,1523 
NONE 
EJK É 1 -15.0000 0.0924 0.3443 
FGL 1 1.0000 Ge 0.4129 
NONE 
RT ee 1 19.0000 1.4313 093715 


= eee eee mp E "AED SED mg E mmm mb ët mp ët ët mmm ët mp mmm vm ët mmm mb O mb ët mmm O E A ff mm O mm eee ft O A mm mm ep 


d, EE BC e E EC 
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cases negative. Recall from Chapter II that this contrast 
represents the difference between the sum of all observations 
where the source EE in column 1 was at its high level 
and the sum of all observations where the source listed in 
column 1 was at its low level. Thus, in the context of 
this analysis, a positive contrast in column 4 of Table VI 
indicates that the tank commander places greater emphasis 
on engaging targets where the corresponding source shown in 
column 1 is at the high level. Similarly, a negative con- 
trast in column 4 of Table VI indicates that the tank 
commander places greater emphasis on engaging targets where 
the corresponding source shown in column 1 is at its low 


level. 


E. IDENTIFICATION OF SIGNIFICANT FACTORS -AND INTERACTIONS 
The factorial chi-square analysis shown in Table VI 
reflects tne investigation of 120 various treatment effects, 

of which 10 were identified as being significant at the 

MS level; specifically, the main effects A,C,E,G,H,J,K, and 
L; and the 2-factor interactions AJ and KL. It should be 
Mmeced from column 2 of Table VI that AJ is aliased with CEH. 
It is assumed that the 2-factor interaction AJ is more 
important than the 3-factor interaction CEH and that the 
contrast corresponding to AJ in Table VI was in fact due 

Be the AJ interaction rather than the CEH interaction. All 
Méher significant effects are free of 3-factor aliases and 


Ehus provide a clear interpretation. A reordering of the 
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significant effects based on their relative importance, as 
indicated by a comparison of the magnitude of their corres- 
Ronca contrastes, 1S as follows: L,J,K,A,E,AJ,C,KL,H; 


and G. 


Br INTERPRETATION OF SIGNIFICANT MAIN EFFECTS 
ie hacer. 
L -- range to enemy target 
Leow -- range is less than 2000 meters 
Lurcy -- range exceeds 2000 meters 
This range factor was by far the most significant 
factor identified in the analysis. It appears that tank 
commanders rarely choose to engage targets at ranges exceeding 
2000 meters while in the majority of cases most will choose 
to engage targets within 2000 meters. This undoubtedly 
Beflects the fact that the probability of hitting a target 
is greatly reduced at ranges exceeding 2000 meters. 
Ee 


J -- turret orientation of the enemy target relative 
to the friendly tank 


J ow 77 turret is pointed away from friendly tank 


J turret 1S Poin edat rziendly tank 


HIGH 
The turret orientation of the enemy target seriously 

impacts on the tank commander's decision to engage or not 

engage the target. In general tank commancers are much 

more likely to engage a target whose turret is pointed at 


them than one whose turret is pointed away from them. 
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SO Factor K 


K -- range between observer and target 
KLow -- 1050 meters 
Buren -- 1700 meters 


Tank commanders are much more likely to engage 
targets at ranges of 1050 meters than targets at ranges 
of 1700 meters. Tank commanders will in the great majority 
of cases choose to engage targets at ranges of 1050 meters 
but are much more selective in choosing to engage targets 
at the 1700 meter range. 


d. Factor A 


A -- on-board ammunition remaining 
AL ow -- above critical level 
Garen “= dt Or below critical Level 


On-board ammunition available impacts significantly 
on the tank commander's decision to engage or not engage 
a target. Tank commanders are much more selective in 
choosing to engage targets when their on-board ammunition 
ms below the critical level. 

3 Factor E 
E -- cover/concealment of the enemy target 
E -- fully exposed 


LOW 


E not fully exposed 


HIGH 
The tank commander in general is much less likely 
Æ engage a target that is affordec cover or concealment 


than one that is fully exposed. Thus the tank commancer is 
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more selective in choosing to engage targets that are not 


fully exposed as compared to those that are fully exposed. 


6. Factor C 


C -- anticipated resupply 
Crow =" SOON 
CHIGH EE 


Anticipated resupply significantly impacts on the 


tank commander's decision to engage or not engage an enemy 


target. The tank commander is more selective in choosing 


to engage targets when his anticipated resupply is not 


soon. 


7. Factor E 


H -- enemy target type 
How 77 BMP/BRDM with sagger 
Hoen Ee 


Tank commanders will in general choose to engage a 


tank target more frequently than a BMP or BRDM. It 
important to remember that engagement in this sense 
to the main gun and does not consider the secondary 
that is available to the tank commander. 


8. Factor G 


is 
refers 


armament 


G -- intelligence on previous firing activity of 


the enemy target 


GL om -- target has not been detected firing 
the previous 60 seconds 


GurcH -- target has been detected firing in 
previous 60 seconds 
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A tank commander is more likely to engage a target 
if he has detected the target firing in the previous 60 


seconds than if no detection of firing has been made. 


E. INTERPRETATION OF SIGNIFICANT 2-FACTOR INTERACTIONS 
l. AJ Interaction 
A -- on-board ammunition remaining 
AL ow -- above critical level 
Autoen -- at or below critical level 


J -- turret orientation of the enemy target 
relative to the friendly tank 


J -- turret 1S pointed away from the friendly 
LOW 
tank 
Jurgg 77 turret 1S pointed at the friendly tank 


Percentage of 'YES' Responses 


J 
(LOW) (HIGH) 
(LOW) Sane 09.52 
A 
(HIGH) 34.83 67.6% 


It appears that significantly more tank commanders 
choose to engage targets whose turret is pointed at them 
than targets whose turret is pointed away from them. On- 
board ammunition in general has little impact in situations 
where the tank commander is confronted by a target whose 
turret is pointed at him. However, on-board ammunition impacts 


severely when the tank commander is confronted by a target 
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whose turret 1S pointed away from him. In this situation 
the tank commander becomes very selective in choosing to 
engage such a target when his on-board ammunition is below 
the critical level. Many tank commanders choose not to 
engage such a target when their ammunition is below the 
Ezitical level. 
Zee FRE Interaction 

Recall from Chapter III that K and L are pseudo 
factors for range and that four levels of range were in 
fact investigated in the study. The contrast used to esti- 
mate the KL interaction thus represents one of the three 
degrees of freedom attributable to the four levels of range. 
In this respect this interaction is different from the 2- 
factor interaction AJ. The four distinct ranges investigated 


in the study are represented by the following combinations 


RE K and L: 
E 
(LOW) (HIGH) 
(LOW) 10590 m 23507 m 
K 
(HIGH) 1700 m 3000 m 
Percentage of 'YES' Responses 
L 
(LOW) (HIGH) 
(LOW) 80.0% 43.33% 
K 
(HIGH) 75.83 25.08 
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It can easily be seen that there is a direct 
correlation between the decision to engage or not engage 
an enemy target and the range between target and observer. 
Tank commanders will in the great majority of cases choose 
to engage targets at ranges of 1050 meters and 1700 meters, 
and will in the great majority of cases choose not to 


engage targets beyond the 1700 meter range. 
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VII. THE TARGET SELECTION MODEL 


A. GENERAL 

A primary goal of this thesis was to enhance the Simu- 
lation of Tactical Alternative Responses (STAR) model by 
developing a realistic target selection model. Recall from 
Chapter I that the major problem of the target selection 
model used in the present version of STAR is its failure to 
realistically prioritize the various threat levels associated 
with targets within a given array. The model presented in 
this chapter concerns itself with this task and is a best 
fit regression model based on the threat index data shown 
in Table III.2. The model is thus a direct corsequence of 


the threat index analysis presented in Chapter V. 


er THE MODEL 

Table VII.1 depicts the model that was developed from 
the analysis of Chapter V. The various statistics presented 
in this table thus summarize the significant results of 
the treatment ANOVA shown in Table V.4. The entries in 
either table are identical with the exception of the 
megression coefficients in column 2 of Table VII.l. It can 
be verified that these equal 5 the effect shown in column 4 
Of the treatment ANOVA (Table V.4). The model thus depicted 
is based on nine different factors and can be described as 


follows: 
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Table VII.l 


STAFLSTICS rOR SELECISD MODEL 


VARIABLE COEFFICIENT | SQUARES DF STATISTIC. (XGI. F) 
M BAM 0.97018 963.836 1 
F 0.02410 0.595. 1 15.694 0.0001 
G 0.01553 0.247 1 6.314 0.0109 
A 0.01554 SE 6.521 0.0108 
J 0.09623 9.483 1 250.152 0.0000 
K -0.03127 A 26.415 0.0000 
L -0.06698 5.594 1 121.174 6.0000 
EK 0.01281 0.168 1 4.430 0.0356 
FJ 0.01501 0.231 1 6.084 0.0138 
KL -0.01584 0.257 1 6.778 0.0094 
ADK 0.01783 0.311 1 8.204 0.0043 
AZK -0.01998 0.409 1 10.787 0.0011 
PGL -0.02502 0.641 1 16.914 0.0000 
TOTAL REGRESSION 982.020 13 © 


-b fb Ci: ir ep eee ee ce ee ee es ee ee eee es ee ee eee eee emm mm 


me 280 TCATES SIGJIFICANCE AT .025 
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ADJT (Adjusted Threat) = .97018 + .02410X, + .01553X, 


I EE 


3 4 5 6 
+ ‚O1281X_X, + «O1501X,Xy = dE 
+ +O1743X¿X2Xg = „O1998X.X X, = .02502X] X-X. 


where: 
+1 if target is in sector of responsibility 
Ay = 
>I E Carget is not in sector 
+l if target has been detected firing in 
previous 60 seconds 
Ao = 
-l if target has not been detected firing 
in previous 60 seconds 
+1 if target is an enemy tank 
X3 = 
-1 if target is a BMP or BRDM 
+l if turret of target pointed at friendly tank 
Ay = 
-l if turret pointed away from friendly tank 
+1 if 1400 m < RANGE < 2000 m or RANGE > 2600 m 
Ke = 
SE m or 2000 m < RANGE « 2600 m 


EIS 











+] if RANGE > 2000 m 
Ae = 
-1 if RANGE < 2000 m 
+1 if target is not fully exposed 
X7 = 
-1 if target is fully exposed 
+] if on-board ammunition is at or below 
critical level 
Xg = 
-1 if on-board ammunition is above critical 
level 
+1 if speed of target is fast 
Lg = 


-l if speed of target is not fast 


Various statistics based on the model are shown in the 
general ANOVA, Table VII.2. Recall from Chapter V that the 
sum Of squares due to regression accounted for 86 percent 
Of the total treatment sum of squares. The regression (terms) 
entry in the ANOVA is significant at the .0001 level while 
Rm lack of fit is very insignificant. This indicates that 
the model is an adequate representation of the data. It 
Should be noted that only 31.8 percent of the total varia- 
bility could possibly be explained by regression with a 
model of 120 terms because of the large variability over 
the eight replications of each treatment. The seclected 


Miel accounts for 27.3 percent of the total variability 
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Table VIL,.2 


GENERAL ANOVA FOR SELECTED MODEL 


SUM OF MEA P 
SOURCE SJUARES DP SQUARES STATISTIC (X.GT.P) 
MEAN 963.836 1 963.836 
REGRESSION (TERMS) ls. leg 142 E 39.972 0.0000 ** 
RESIDUAL 48.346 1011 
RACK OF FIT 2.991 108 0.028 0.731 0.9796 
SOURCES (BETWEEN) 13.510 63 
ERROR (ADJUSTED) 31.844 340 0.038 
TOTAL 1030.366 1024 
* INDICATES SIGNIFICANCE aT .05 
Bee INDICATES SIGNIFICANCE AT .01 
PERCENT VARIABILITY THAT CAN BE 
EXPLAINED BY REGRESSION: 31.8234 % 


BERCENT VARIASILITY EXPLAINED BY SELECTED MODEL: 27.3322 0% 
LS MULTIPLE CORRELATION COS7FFICIENT; e 
STANDARD DEVIATION OF RESIDUALS: 0.0629 


BSAN 25SIDUAL MAGNITUDE: 005303 


ENTAGE OF OBSZRVED VALU 
O) STANDARD DEVIATIONS 


AHOSE MAGN 3 
Do DECIA TIA SE 5 


CO LO 
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(27.3/31.8 = 85.8% of possible) using only twelve terms, 
thus leading to a considerably simpler Insassen than 
one with 120. 

The residuals of differences between the mean of obser- 
vations for each treatment and the value predicted by the 
model are given in Table VII.3. The statistics based on these 
residuals, shown in Table VII.2, indicate that the predicted 
values do in general closely agree with the observed average 
values. This is indicated by the very small mean residual 
magnitude of .0503 and a similarly small standard deviation 
of .0629. A high positive correlation was realized in com- 
paring the priority ranking based on average observed values 
and the priority ranking based on predicted values. Differ- 
ences in the two rankings were srutinized by experienced 
Armor officers on a situation by situation basis. The 
priority schemes generated by the model were in all such 
cases deemed reasonable and intuitive. 

eos the author Ss opinion that the model thus depicted 
does represent the current state of the art and is a viable 
alternative to the target selection models presently used in 
eather STAR or DYNTACS. This opinion is based in part not 
Enly on the fact that the model fits the data well, but also 
mm the fact, as previously stated in Chapter III, that the 
data base is credible and current. The model is simple and 
can be easily implemented in most existing high-resolution simu- 
lation models. Its use, particularly in the simulation of 
combat involving a large armor force, should impact considerably 


On the overall realism achieved in the simulation. 
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Table VII.3 
Comparison of Predicted Versus Observed Values 


RESIDUAL 


PREDICTED VALUE 


MEAN OF 
OBSERVED VALUES 


TREA TMENT 
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(continued) 


Table VII.3 
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(continued) 
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TTT TEE TEE EE E (1) dee E 


oot LATION IN. 
BEE ak HE A e aR ae oe x OX 


ON BOARD ROUNDS REMAINING: ABOVE CRITICAL LEVEL 
POUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE 
ANTICIPATED RESUPPLY: SOON 


VEHICLE TYPE: osMP/BRDMA W/SAGSER/SWATTER 

Maat LS IN TOUR SECTOR OF RESPONSIBILITY? : NO 

RANGE TO TARGET: 1050 METERS 

DUORRET ORIENTATION RELATIVE TO TOUR TANK: POINTSD AWAY FROM YOU 
BEEBO OF TARGET: NOT FAST 

BRENER/CONGEALHENT OF TARGET: FULLY EXPOSED 

MEGT HAAS SSEN DETECEED FIRING IN THE LAST MINUTES: NO 


Pah ui «a A A «a A A ae A A A A A eee eee eee eee eee eee A A eee mm gp wm og gp A em mm ci ee eee eee eee A ee eee ee ee 00 A A A mm 


m GIVEN THE 31 
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be ee Re KR ee 
IS TARGET TO TOUR SURVIVAL.. 


kero t----- e ze be e be tt +>-- -- -+-- --- t+t----- t----- * 
0 1 2 3 4 5 0 7 8 9 10 
fe [GAME THE SITUATION DRESEITED ABOVE, 
WCD VOU MIGAGE THe PASGEST AT THIS TIM S? 
Ms res ( ) NO 
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x SITUATION 2° 
ak aK ook kK eK eK KK KK 


/ YOUR TANK / 
ON BOARD ROUNDS REMAINING: 
YOUR CURRENT ACTIVITY: MOV 
ANTICIPATED RESUPPLY: NOT 


WEBTELE IYPE: TANK T72 

BARGET [5 IN TOUR SECTOR Or 
RANGE TO TARGET: 1050 HE TS 
TURRET ORIENTATION RELATIVE 
EED OF TARGET: FAST 

COVER/CONCEALAENT OF TARGET 
RANGEI HAS SEEN DETECTED FI 
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ING/PARTIALLY EXPOSED 
SOON 
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TO YOUR TANK: 


TES 


ANOT RR 
REN OSIN THE EE 


SE 
RG 


VE 


OVE, 
Teer eS es 


NO 


1,23 


AZ 


POINTED AWAY FROM YOU 


TES 
— +———— -x 
a 10 





CEET TEE ZE E eK KX DRFS JL 1/3 


<= SUA TON us 
Ra il a a K 


ON BOARD ROUNDS REMAINING: ABOVE CRITICAL LEVEL 
YOUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE 
BUITETPATSD RESUPPLY: SOON 


MEHIELE TYPE: 5354P/BRDM W/SAGSER/SWATTER 

Ge Lo IN YOUR SECTOR OF RESPONSIBILITY?: TES 

RANGE TO TARGET: 2330 METERS 

BURRST ORTENTATION RELATIVE TO YOUR TANK: POINTED AT YOU 
SPEED OF TARGET: FAST 

Coven /CONCEALMENT OF TARGETS; NOT FULLY EXPOSED 

web GAS gEEN DETECTED FIRING IN THe LAST MINUTE?: TES 


io GIVN THS SITUATION PRESENTED ABOVE... 
OCR TICAL IS THIS TARSGL TO YOUR SURVIVAL... 
H--—— — boro +--- -- +--- - -+- - - - - + --- - -+ -- -- - +-- -- - +-- - - - +-- -- -ı 
0 1 2 3 4 5 6 7 3 9 10 
ee CEPS THS SITUATION PRZSEZNTƏD ABOVE, 
AUTO" TOU "ENGAGE TAS TARGET AT TAIS TIME? 
( ) TES ( ) TO 
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* SITUATION 7% 
BEE E ée 


KL trl. 


41 


ON BOARD ROUNDS REMAINING: AT OR BELOW CRITICAL LEVEL 
YOUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE 
ANTICIPATED RESUPPLY: NOT SOON 


a e ee ee 


VEHICLZ TYPE: BMP/BRDM N/SAGGER/SWATTER 

BERGER TS IN YOUR SSCTIR OF RESPONSISILITY?: NO 

RANGE TO TARGET: 200 CSE tens 

DURRET ORIENTATION RELATIVE TO YOUR TANK: POINTED AWAY FROM YOU 
ERES) OF TARGET: fast 

pOvea/CONCEALMENT OF TARGE1: FULLY ELPOSZD 

ManGagr ere ER DeTE-TI3D FIRIS> IN THE LAST ANUTE?: TES 


ta) 


É SU cio DD a ët off gp ët wë, ët ët eg ët > > O > eg off off ët DD a A A A A ët off ep mm mie gt A A A mm et ët oft ët et eg ët et ep emm gp A A O y mm ët ft ee to ët mm O O A omg ` 


1. GIVEN THE SITUATION PRESENTED ABOVE... 
HO CAOT CAL IS THIS TARGET TO YOUR SORVIVAL.. 
mo cam o — — + e om +—— — — t----- bz — + == -- - +-- — +-- - -- A - +-- -- -x 
0 1 2 3 4 5 6 7 3 9 10 
2. GIVEN THE SITUATION PRESENTED ABOVE, 
MOULD, YOU “GHGAGE THE TARGET AT THIS TI4E? 
( A ( ) NO 
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ON BOARD ROUNDS REMAINING: AT OR BELOW CRITICAL LEVEL 
YOUR CURRENT ACTIVITY: MOVING/PARTIALLY EXPOSED 
ANTICIPATED RESUPPLY: SOON 


wë =p ee eee ee ee ee 


/_10UR_TARSEL / 
BSHTELE TYPE: BMP/BRDM W/SAGGER/SWATTER 
Beer IS IN TOUR SECTDA OF RESPONSIBILIET?: NO 
RANGE TO TARGET: 2350 PME TERS 
MURRET ORIENTATION RELATIVE TO YOUR TANK: POINTED AJAL FROM YOU 
SPEED OF TARGET: NOT, PAST 
BOVeRr/CONCEALHENT OF TARGST: NOT FULLY EX20SED 
amore. HAS BEEN DETSCT&D FIRING IN THE LAST MINUTE?: eS 


E emp wm ae ee ee ag ee ee ee ee ee ee eee ee ees ee ee ee se ee ees ee mm es eee O oO O O 


NN Geen ths SITUATION PRESENTED ABOVE... 
HOW Chr GAL IS THIS TARGET TO YOUR SURVIVAL.. 
ho +----- +----- A re +---- - $ ao po tee +---- - +-- -- -* 
Q 1 2 3 4 3 6 7 H 9 10 
oe Glew TOE SITUATION PRESENTED ABOVE, 
ef GD YOU KtGe THE TASGET AT THIS TIME? 
( ) 38 ( ) NO 
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* SITUATION, 15, * 
ae ae de a ol ae a ll e 


SO O A mp y O a O O a emp 


O ay a ft mt mt y A A ee ee emm 


ON BOARD ROUNDS REMAINING: ABOVE CRITICAL LEVEL 
YOUR CURRENT ACTIVITY: MOVING/PARTIALLY EXPOSED 
BNELIEIPATED RESUPPLY: NOT SOON 


mr u ui ui mp Y Y O A eee ee Y 


= So HE cin ee A A A mt mt SED ve 


VEHICLE TYPE:  DMP/BRDM W/SAGGER/SWATTER 

EE, SECIIS OF RESPONSIBLLITY?: Tas 

RANGE TO TARGET: 3000 METERS 

CUBRET ORPENTATION RELATIVE TO TOUR TANK: POINTED AT YOO 
SBE=D OF TARGET: NOTA CAST. 

EOMES/CONCEALMENT OF TARGET: FULLY EXPOSED 

BE das BSEN DETESTED FLRINs IN THE LAST WINUT E?: TES 


G mp mp et ep a mmm mm ft mmm ft mmm mt gp mt ft mt 298 mt emm X ft Y ft SUP ft A mt ft emm gp ft ft min mmm mt mm sët om et mm ui oft et mm mm mm mt mt E E E iD mm em mm mmm mm et et ME) D emt et emm ft ee ft em 


i. GIVEN THE SITUATION PRESENTED ABOVE... 
HOW CRITICAL IS THIS TARGET TO YOUR SURVIVAL. 
Mr +--- -- +— — —— — + -- -- ++ -- -- - + -- - - - +----- +---- - +----- Lo e 
0 1 2 3 4 5 6 7 3 9 10 
E. GIVE] THE SITUATION PRESENTED "ABOVE, 
JOULD YOU ZNGAGE THE TARGET AT THIS TI42? 
( ) Yes ( ) NO 
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* SITUATION 16 * 
| ek Ek EE bb e 


/ TOUR TANK 7 
ON BOARD ROUNDS REMAINING: AT OR BZLOW CRITICAL LEVEL 
YOUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE 
ANTICIPATED RESUPPLY: SOON 


WEHRTGLE TYPE: TANK T72 

REGIS EN. TOUR No LCR OF RESPONSISELITY?: NO 

RANGS TO TARGET: 3000 METERS 

SURRET ORTENTATION RELATIVE T9 TOUR TANK: POINTED aT YOU 
SErReD OP TARGEBI: FAST 

Son, CONCEALMENT OF TARGEL: NOT FULLY ¿£XPOSED 

RECGET HAS DEAN DETECTED FILRINS IN THE LAST 4INUTE?: NO 


D ar Å ae my Mu my > A sët em A së A A së gp ob ob wë og A A op op sr ar op A A He in Sein SAD O A in son Sn së ap SÓ A së A A emm së es së A A A O a A mt ap O A A së A A mm ob mmm mmm ob emm mmm 


ege NEN THE SITUATION PRESENTED ASOVE. 
JON CRITICAL 15 THIS TARGET TO YOUR SURVIVAL.. 


x =.= =+ =-= MMM e 2 4 pe o +-- --- +---- - +-- - x 
0 1 2 3 4 5 6 i 8 9 10 
2 GWEN EHE SITUATION PRESENTED ABOVE, 
COULD TOU W GAGE THE TARGET AT THIS TIAS 
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CRITIQUE AND PERSONAL HISTORY PORM 
PLEASE COMPLETE THE FOLLOWING FORM BY ENTERING THE APPROPRIATE RESPONSES: 


1. TIME ON ACTIVE DUTY: ( ) YEARS ( ) MONTHS 
1A. TIME SPZNT AS A TANK COMMANDER: ( °  ) YEARS SÉ ) MONTHS 
2. PRESENT RANK: 
3. HOW FAMILIAR ARE YOU #ITH THE X11? 

( ) HANDS OM EXPERIENCE 

(  ) NO HANDS ON EXPERIENCE, BUT VERY KNOWLEDGEABLE OP ITS CAPABILITIES 

( ) MINIMAL KNOWLEDGE 

( ) NO KNOWLEDGE 
4. DID YGUR AWARENESS OF 
MAKE JECISIONS THAT YOU Y 
( ) TES ( ) NO 
( ) NOT APPLICABLE 
OW FAMILIAR AQE YOU WITH THE 46043? 

) HANDS ON EXPERIENCE 
NO HANDS ON EXPERIENCE, 3UT VERY KNOWLEDGEABLE OF ITS CAPABILITIES 


) 
) MINIMAL KNOWLEDGE 
) 


5. 4 


NO KNOWLEDGE 


mm BCOTALS EXP GCaAICHCE ON EITHER THE XAT OR #6043: ( ) YEARS ( ) AONTHS 
DN Enc YS SITUALIONS PRESENTED UNDERSTANDABLE? ( E ( ) NO 
COU4ENTS: 


7. WOULD YOU SAY THAT THE SITUATIONS WERE REALISTIC OF AN ARMOR BATTLEFIELD? 
(BE) SEES (  ) NO 
COMMENTS: 


ro 
oJ 
uy 
H 
te] 
e 
Y 
Di 
y 


3. 320 YOU ZELL THAT THIS DUESTIONNAT2E WAS A HORTA CLE LEARNING EX 
( JETES ( MEJO 
COMMENTS: 


953 PLEASE NAKE ANY ADDITIONAL CONMENTS CHAT YOU PEEL APPROPRIATE AT TIIS TIME: 
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APPENDIX B 


SUMMARY OF CRITIQUE AND PERSONAL HISTORY FORMS 


l. and 2. Personnel Surveyed in Sample 


Average Time Average Time 
Spent on Active Duty Spent as a Tank Commander 

Rank # Years / Months Years / Months 
ES L2 + fa. 1 Ze 

E6 26 9 / 0 4 i 2 

E7 14 ES 7 0 9 / 0 

GE Jl il 7 l A 

02 1 4 / 0 2 / 0 

03 9 8 (ee 2 / 5 

04 1 ES E l Ve > 
TOTAL 64 9 Eeer 4 i 

3. How familiar are you with the XMl? 


( 11 ) hands on experience 


( 9) no hands on experience but very Knowledgeable 
of its capabilities 


( 25 ) minimal knowledge 

Gale). no wcnow ledge 

Did vour awareness of the increased capabilities of 

the XMl cause you to make decisions that you would have 


otherwise made had your unit had M60 tanks? 


( 24) Yes (.-29 =) No ( 11 ) Not Applicable 





5. How familiar are you with the M60A3? 
( 12 ) hands on experience 


( 11 ) no hands on experience, but very knowledgeable 
of its capabilities 


( 20 ) minimal knowledge 


( 21 ) no knowledge 


S.a. Total experience on either the XMl or the M60A3? 


Eleven personnel had an average of 6.5 months experience 
on the XML. 


Twelve personnel had an average of 4 months experience 
on the M60A3. 

6. Were the situations presented understandable? 
MRS des ( 4) No 
Two personnel chose not to answer. 

7. Would you say that the situations were realistic of 
an armor battlefield? 
( 51) Yes ( 10 ) No 
Three personnel chose not to answer. 

8. Do you feel that this questionnaire was a worthwhile 
learning experience? 
( 46 ) Yes SENO 


Three personnel chose not to answer 


Individuals were asked to make general comments in 
regard to the questionnaire and specifically in regard to 
questions 6, 7, and 8 listed above. All comments are listed 
below. The great majority of these are quoted directly from 


the critique sheets. Others have been slightly modified 


Ze 





to make them more presentable. In all cases every effort 


was made to preserve the integrity of the individual making 


the comment and to convey the correct meaning implied by 


the comment. 


Or 


Yes -- They were vague. The stress factor could vary 
decisions on an actual battlefield. 

Yes -- This was an enjoyable questionnaire. There should 
be even more emphasis on time allotted to answer each 
question. 

No -- Direction vehicle is moving is a very important 
factor in determining whether to engage or not to engage. 
A target moving in or out or away from your sector is 
very important. You may want to withhold an engagement 
and notify adjacent vehicles or elements responsible 

for that sector. 

Yes -- I question the frequency of moving, moving and 
would consider coming to a halt on a long-range fast- 
moving target. 

Yes -- The situations were extremely clear althouch 
extremely simplified. 

Yes -- If a gun tube is pointed at me and if it isa 
major chreat, I'm going to Shoot. “There is no room for 
'maybes' on the battlefield. 

No answer -- I have never been on a battlefield so I 


cannot give a yes or no answer. 
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No -- On many of the BMPs and BRDMs I would have used 
the 50 Cal Machine Gun. | 

Yes -- The situations were particularly realistic of 
the European battlefield. 

No -- I would expect numerous armored vehicles to be 
in my sector, all aiming at me. This is what this 


questionnaire should have incorporated. 


No -- Ranges were probably too long to observe. 
Yes -- Some of the situations were close. 
Yes -- More various ranges should have been included. 


Too many vehicles were observed shooting prior to the 
present situation. This made one more willing to engage. 
No -- The situations presented here were all one on one. 
On the modern battlefield we can expect to be greatly 
outnumbered. 

Yes -- However, in the European situation, the ranges 
will probably be generally closer and the situations 
MUCH Mere. critical. 

yes -- In my position other vehicles besides vehicles 
capable of killing me would be high priority targets, 
i.e. command tracks, anti-air weapons, etc. 

Yes -- There should have been some representation of 
artillery smoke and tactical air being used by the 
aecacking force. 


No -- Ranges were too far in many cases. 
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Yes -- with the exception that there was nothing said 
about what the battlefield condition was: light, time 
of day, weather, observation and fields of fire, size 

of OPFORS, etc.; with more information I may have 
answered differently. 

Yes -- Had I been critiqued as to something which I 

may have overlooked, or failed to consider, I would have 
answered yes. No critique or comparison is being made, 
no answers are being changed, whatever I do on the real 
battlefield is probably better than hesitating or doing 
Dothıng. 

Yes -- However, it was designed for an XMl. The M60Al 
is still the main battle tank for most 19E's. 

Yes -- Somewhat, it makes one stop and think when 
presented similar situations with different factors being 
varied. 

No -- It did make one think what you would do, but 
without any feedback there is no learning experience. 
Yes -- As far as making a snap decision was concerned, 
the situations were extremely well written and provide 
an excellent practice for this type of lesson and critique. 
Yes -- It made one consider rounds on board, something 
nee usually thought of. 

Yes -- It was interesting, but based on the exact number 
of actual rounds remaining, some of my answers might 


have changed. 
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Yes -- Publish the results in Armor Magazine. It would 
be very enlightening and educational. 

Some mention of ammunition types on board the XMl, if 
different from the M60, would have perhaps influenced 
my decision to fire. 

If 1 had artillery on call, as I probably would, I would 
suppress BRDM's at 3000 meters by field artillery. 

Some answers may seem to contradict others. However, 
picturing myself on the battlefield I know exactly what 
Iswould do and how to go about doing it. 

The survey should have been based on the M60Al, not the 
XM1, simply because it is the tank we presently have 
fielded. 

I feel as an XxM1 platoon sergeant ‘that I can do much 
more than if I were with the M60Al. 

I have to be there at the time in order to make a 
correct decision, 

Knowing the capability of threat armor and anti-armor 
vehicles, I felt that none of the situations were of the 
10 extremely critical) rating: Also; the direction of 
movement of enemy vehicles should have been noted. 

Not enough information on XMl capabilities was given. 
Also there was no mention of terrain, support available, 
defensive position, attack, etc. 

E Was not thinking XM1 during the questionnaire, only 
rounds remaining and my chances of hitting a target at 


different ranges. 


1.35 





The ranges in this survey were not applicable from my 
own experiences in Europe, where I had a maximum range 
of 800 to 1000 meters. Thus in that situation every 
target was a great threat and I don't think I would have 
any choice but to engage and to hope that our resupply 


were soon in all classes. 
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COHPUTER PROGRAMS 
3K ak 3K K K ak ak tok ee 


(N-P) 


PERTCELL: 
RR AK S ak kk kk kk dek ee er 


PROGRAM TD ANALYZE A DESIGN OF THE FORM 2** 


WITH AT LEAST TWO MEASUREMENTS 
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***BARTLETT TEST STATISTIC AND 


VARIANCE = ).O, 
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PROGRAM USAGE: 


CALL ZNOVA (BRT 


ABOVE ARGUUENTS ARS DET INED AS FOLLOWS: 


EN 
m 


CVWHORE TH 


IN 2*« 
IN 2%*( 


Mi 


VADER GE "KEE RE 


AFP) 
HEJ. 


N 
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AanananaanaacaanaGcaaaaaaaAAaAcdaaaaAAAAAAAaaAaaAadcadaacaacaaaaaadanacaacaacaacdacoao 


MAIN PROGRAM DECK NOULD BE AS FOLLOWS: 
REAL*8 BRT (4,4 2) ,TTOT(16,3) 
REAL*4 DUMMY (16, 4) 
INTEGER*2 ITA(16,6) ,LALLAS (3,5) 
NN=6 
1P=2 
NB=4 
NR=2 
NTB=4 
NTS=16 
NAS=3 
NODC =0 
IOPT=3 
ALPHA=.05 
CALL ZNOVA(BRT,TTOT,DUMMY,ALPHA,IOPT,NN,NP,NB,NTB, 
*NR,NTS,NODC, NAS, [LALLAS,IT@A) 
STOP 
END 


DATA DECK WOULD BE AS FOLLOWS: 
CC 123456789012345678 


io mn ii: in eee ee O O y A O ggf ii TD cl ee 


/000000000000000060 
A mm AA 
AA NA 
/00900000000000000000090000 
E O A 8 
a 
EE Eros 
/0000000000000000000000000000000000 
Ze Sa 
eer 
E ES 
en ee 
se O eee 
CARD 1 A AAN A A 
SAMPLE 2: ASE EME DA RETOR TALA ABRO. 3 OSS ca VATIONS 
PER CELL AND NO ILIC R CONEOUNDING) 
ERCLORS: 2,3 
SE 
POSITION W/B LOCK 
2 1) 
3 5 
4 AB 
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OBSERVATIONS: 


PRES COMBINATION REP I REP II REP ITI 
(1) Je 7.1 6.7 
4.8 5.2 6.3 
B SD 7.5 8.1 
AB 5.6 5.2 T 


MAIN PROGRAM DECK WOULD BE AS FOLLO4S: 
REAL*8 BRT r3) + TTOT (8, 3) 


1,4 
REAL*4 DUMMY (4,4 
INTSGER*2 IA rasa, Dp LER (dS 


“Coro los lla On 
H pla € 


T,DUMMY,ALPHA,IOPT,NN,NP,NB,NTB, 
LIAS,ITA) 


DSTA DECK WOULD BS AS FOLLOWS: 
SC 1234567890123456789012 


wm gr ër gp A vm mm ee ee eee ee em ee 

wg sf mg ffr ag et gr ah ag ag A et gp ag gr emm ag afp ep ab am a ag mmm 

-e AA mm vm wm ëm ef omg am e vm vm ëm emm mg am mmm mg omg om vm a ër mm 

mm vg vm gp A A A A gp A A A vm wt vg vg vr ër A a vm vg A vm mm 

wm DD ff gr og mg mg gr mp ër sf eg vg ag eg ag ag et A mmm emp a emm ag v ep mp D 

ME: AA O A A A mg mg mg So mg mg ab wt ab ag A sit a A e A A mmm mm ag A A omg ee 


AAAAAAAAAAAAAAGAAAAAAAANAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAANAA 


EE E Ea 
/ 1 4 AB 
19.23 Se Det 
CARD 1 A 1 1 (1) 
e A RA RR NR ANA A e AA 
~  DESMONEDS PROGRAMEDD 31 BROUSSARD,G ¿N P 5. 1979 
E RA ARA CA O e a a AA a k k o A 


141 





MAIN PROGRAM 
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FACTORIAL DESIGN 


PROGRAM TO ANALYZE SIGNIFICANT 2-FACTOR AND 3-FACTOR 


ENTERACTIONS: IN A 2**(N-D) 
RE SE E E E E e e e e e e e ae e e e e 


SS E E E k K K K 
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x 
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PROGRAM USAG 


CALCE AERCIS(TA,DIMAME, ITOL, DASE,ALPRA, DED,RAS, ANGNR,NTS) 


OLLONS: 
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DACA INPUT £5 ACCOMPLISHED IN TWO GROUPS AS FOLLOWS: 


NOTE THAL IN TEE DATA DECK, EACH OF o AO DATA GROUPS 
IS FOLLOWE G A 


CC 0 
0 


ON Um 
Da 


D 


R 
2 
Q 


ON O 


AT 
34 
00 


Soo H 
ow = 


pras I 
34567 3 8901 
00000 Q 0000 


GUI 
OO 


1234 1 
0000 0 


OO + 
NOO0 mm 
yoo Ùj 


QOQON mi 
nos E 


LOW 
1234567 
0000000 
RO' S) 


1. DATA GROUP I LISTS THE TREATMENT CODE ON CARD 1, AND 
OBSERVATIONS ON CARD 2. 


FORMATS USED ARE: 
FOR E EE lä 
EORZEARD = er FORSAT(I5SFIO.%4) 


EXAMPLE WHERE TREATMENT COMBINATION IS *ACDEFLM" AND 
3 OBSERVATIONS ARE: 1102.36, 1205.1, 1261.56. 
CC 1234567890123456789012345678901234567890 
CARD 1 ACDEFLM 
CARD 2 1102.36 1205.1 1261.56 
2. DATA GROUP II LISTS ANY SIGNIFICANT 2-FACTOR AND 
3-PACTOR INTERACTIONS WHICH YOU DESIRE TO FURTHER ANALYZE 
FORMAT USED IS **** FORMAT (3A1) 


AA EIA LL. ES DESIRED TO FURTHER ANALYZE Tae 
ACTORA IN TERACIEIN" GIA". 


ec a En 1231222123256 1890 


TO DEMONSTRATZ DATA INPUT THE FOLLOWING EXAMPLE IS 
PRESENTED: 
EXAMPLE: 2**2 FULL PACTORIAL WITH 3 REPLICATIONS 
(3 OBSERVATIONS PZR CELL), #H2A2 TAZ RZSIDUAL 
MEAN SQUARE NAS PREVIOUSLY CALCULATED TO 532 
4.58 AND DEGREES O? FREEDOM FOR THE RESIDUAL 
MEAN SQUARE IS 8. IT IS DESIRED TO FURTHER 
ENALYZE THE "AB INTERACTION. 
OBS ZRVATIONS: 
TREATMENT COMBINATIONS REP I BEP II REP III 
(1) 0.0 SEN 1.0 
A so 6.) 239 
B -1.0 -3.0 1.0 
AB -1.0 -3.0 -7.0 


MAIN PROGRAM DECK NOJLD BE RAS FOLLOWS: 


DIMENSION TA (4,2) ,DU4MY(3),ITOT(4), BASZ(2) 
ALPHA= 05 


eg 
Sun 
O 


E: 


BET S TER DU EY  TTOTZOR SER ALPHA FDED, RAS, NSG NR, NTS) 


DJ 
txj 


DILO CH SS CHE) 
"Ir HI mi 
vor ul mou 

mt il Wh Il H 
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c DATA DECK WOULD BE AS FOLLOWS: | 
C CC 1234557890123456789012345678901 
C ëmm vm, wm, vm wm wm wm, vm vm mm wf wb vm vm mm. ef vm vm vm emm em vm wm vm em wm vm vm vm wm 
C /0000000000000000090000000000000 
E LD a UD a, vm em vm vm e a wb vm A EP A A A A A A A A A O A am e a 
C /AB 
C ae e e O O A ëm, wm vm a wb mm, vm mm mm mm. mm, emm mm. om emm vm wm emm vm wm emm emm mm. wem emm web et wm em 
€ /00000000000000000000000000000000000 
C emt wm o wee wee dD dD ap ab ap €D SP AD qb qb qb Th CE A 2 @ aw @e AD AD aD a a a a @ a= 
C Fe NS -3.0 -7.0 
C wg wm, wm, wt, ve vm mm vm mm wm vm wm, vm vm ve mm vm wm, vm vm, ëm wm, vm wm, vm vm vm oer @ @ee2e2e@2@ w= = 
€ 7. AB 
e 000000 400900 60 4. 0 0.0 06 0 0 6 6 0 0 0 we e 989 e e 4. 0 0 4 . e 2... o e 
E a a we 9 89» e 909.060.000. e © e e oe we e e oe e e e e e o. e e & we we we o e 
C emp em em am ef et emp emm wt em emt vm em o vm ED a vm vm mp o EP EP ED ED wem vm wm e vm wm em vm om vm vm et vm vm a emt ED em 
C /0.0 220 159 
CU mm Dr o O e E E e e E E e E Pq e o o ee a eww owe we = 
C CARD 1 / (1) 
C 
E iv S Ee ee a 
C * DESIGNED AND PROGRAMMED BY BROUSSARD,G NPS 1979 
C k k k k k kx k kk kk k k k k kk k k k k kg kk kkk k 
DIMENSION TA (123,11), TTOT(128),BASE(11),DUMMY (8) 
Na=3 
NTS=128 
DPD=840.0 
RMS=.03790987 
ALPHA=.05 
CALL ZEFETS (TA, DUMMY, TTOT, BASE, ALPHA,DFD, 
*RMS, NN, NR, NTS) 
STOP 
END 
eee ZEFCTS (TA,DUMMY, TTOT, BASE,ALPHA,DFD,RNS, 
*NN, NR, NTS 
DIMENSION TA (NTS,NN) DUMMY (NB) ¿TTOT (NTS) ,3ASE (NN), 
*CAS 2 (3) 2D (3) „IDENT (2) „CODE (1 j 
GE E C TD TCT a pu nro ER Uol Agr ge tera ro, 
x IM! 1 erte 
DATA KN/O/,ZER0/'0'/,TBAR/O.0/ 
800 FORMAT (20X, 1541) i 
801  FORMAT(////1X,10X,' ERROR = ',12,3X,1541) 
302  FORMAT(15FP10. 4) 
803 PORMAT(15A1 
5 READ (0 (390) (ease (x) I=1,NN) 
12 (BASE (11.2 -ZERO)GÓ TO 50 
READ (02,3 2) (DUMMY (I) ,L=1,NR) 
KN=XN+1 
X=0.0 
DO 20 J=1,NB 
C TRANSFORMATION CARD GOES HERE I.2. DUMMY (J) =F (DUMMY (J)) 
DUAL (J) =ARSIN (SQRT (DUMMY (J) )) 
k= X+DUMMY (J) 
20 CONTINUE 
TTOT (KN) =X 
TB AR=TBAR +X 
kS=1 
KCOUNT=0 
35 KCOUNT=KZOUNT+1 
JS=&S 
if (J5.GT.NN)GO TO 40 
DO 4O J=JS,NN 
TA (GN EAR 
I? (BASE(KCOUNT) .NE.CODE(J)) SO TO 40 
KS=J+1 
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